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ABSTRACT
The reactions of sodium dicyanomethanide with com­
plexes of iridium(I), rhodium (I), palladium(II) and 
platinum(II) have been investigated. Unidentate ligands 
(L * Cl, py, PhCN, AsPh-j) were found to be displaced by 
dicyanomethanide anion from palladium complexes. The
A
resulting anionic complex [Pd(C^HN2 )ij3 was isolated as 
the tetraphenylarsonium salt. A metal-carbon bond was 
inferred from the infrared spectrum of the complex. 
Several other dicyanomethyl complexes of the type MLC1- 
(C3HN2) (M = Pd, L = bipy, phen), MLgCKC^HNg) (M = Pt,
L = PPh3), WJL2 (C3HN2 )2 (M = Pd, L = pyj M = Pt, L= PPh3) 
and IVIL(C3HK2 )2 (M = Pd, L = phen) have been prepared. 
Cyano-complexes of Pd(II) and Pt(II) were unexpectedly 
formed in some reactions of dicyanomethanide anion. The 
dicyanomethyl ligand has been found to exert a high 
trans-effect.
Sodium dicyanomethanide was found to react with 
MC1(C0)L2 (M = Rh, Irj L = PPh3) in benzene to form 
complexes with M-N=C=C(CN)H bonds. The presence of 
cyanoketenimine moiety was inferred from infrared spectra
O
of the complexes. The square-planar d -iridium complex, 
trans- Ir fN=C=C(CN)h3(CO)(PPh3 )2 reacted with tetracyano- 
ethylene and fumaronitrile to give adducts Ir[N=C=C(CW)H]- 
(CO)(PPh3)2TCNE and Ir[N=C=C(CN)Hi (CO)(PPh3)2FUMN
respectively. The same complex also reacted with dilute 
hydrochloric acid and gave IrHClg(CO)(PPh^)2. The Ir-N 
bond in the complex was cleaved by bromide ion.
Imino-ether complexes of rhodium and iridium were 
isolated from the reactions of sodium dicyanomethanide 
with MC1(C0)L2 (M = Rht Irj L = PPh^) in methanol. A 
mechanism for the reaction has been proposed. The 
configurations of the imino-ether complexes were inferred 
from infrared and proton magnetic resonance spectra.
No isomerisation of the complexes from one form to 
another has been observed. The complexes, however, are 
not very stable in solution over a long period of time.
Reactions of malononitrile with the perchlorato- 
complexes of the transition metals were also investigated. 
The reactions were found to be complicated and the 
products are not well characterized. A bridged binuclear 
cationic configuration has been proposed for the product 
of the reaction of malononitrile with rhodium complex.
CHAPTER I 
INTRODUCTION
Preliminary Background
During the last two decades, the chemical world has 
witnessed significant advances in coordination chemistry, 
particularly in the field of organometallic chemistry. 
Ferrocene was discovered in 1951,^ and researchers were 
intrigued by its unusual properties. Subsequently hundreds 
of complexes of transition metals with various unsaturated 
organic molecules such as olefins, acetylenes, arenes, etc. 
were reported. Although a few ir-complexes were known
2earlier, as m  the case of Zeise's salt K[PtCl3 (C2H4)] *1^ 0, 
little was known with respect to bonding and structure. 
Another reason for the upsurge of interest in organo­
metallic complexes is due to their catalytic properties.
3
Ziegler's discovery that mixtures of alkyl complexes of 
aluminum and TiCl4 catalyse the polymerization of ethylene 
created excitement in the chemical world and he and Natta 
were awarded the Nobel Prize in chemistry in 1963. Also,
E. 0. Fischer and G. Wilkinson in 1973 shared the Nobel 
Prize in chemistry for their contributions in the field of 
organometallic chemistry. After the Ziegler/Natta dis­
covery much money and effort were spent to synthesize metal 
compounds which would be catalysts for various important 
reactions. Many organometallic complexes are found to be
1
2good catalysts and vigorous research activity is still
being pursued in this field. These complexes function as
homogeneous catalysts and the process of homogeneous
catalysis is better understood because it is more amenable
to mechanistic study than is heterogeneous catalysis.
An important and exciting area of organometallic
chemistry is the nature of bonding between the central
metal atom and the organic ligands. To cite one example,
in acetylenic complexes the bonding between the metal and
the acetylene may be viewed in two different ways. In the
more generally accepted view bonding occurs between a
filled acetylene Tr-molecular orbital and a metal hybrid
orbital to give a c-bond. Also, an overlap between a
*
filled metal d orbital and an empty tt -molecular orbital
is postulated. This model was originally developed by
4 5Dewar, Chatt and Duncanson. The central metal retains
its formal oxidation state. In the other extreme view, the
metal is assumed to be oxidized and two a-bonds are assumed
to be formed. The two models are described pictorially in
Figure 1 as A and B respectively.
Infrared and NMR spectra^ of RhC1(PPh^) 2^ 4^6
tend to suggest that the bonding is that of A
while for others like P t f P P h ^ ) b o n d i n g  as in B
is regarded as more appropriate.
In the context of the Dewar-Chatt-Duncanson model, an
ambiguity arises with respect to the changes in stability
which may result when hydrogen atoms on the acetylene
FIGURE 1
Two Models For Metal-Acetylene Bonding
C 7
M
4moiety are replaced by electron-withdrawing substituents 
such as fluorine, chlorine, cyanide etc. This ambiguity 
arises because stability of the metal-acetylene bond will 
be dependent on the relative importance of the two com­
ponents of the M-acetylene bond, i.e. the M-*acetylene tt- 
bond and the acetylene->M a-bond. If the a-component is 
the more important, then electron donating substituents 
will enhance the stability and electron-withdrawing sub­
stituents will lower the stability. On the other hand, if 
the 7 T -component is more important in the overall bonding 
scheme, effects opposite to those mentioned above would be 
anticipated. It has been shown experimentally that M- 
acetylene and M-olefin bonds are stabilized when electron- 
withdrawing groups are attached to the organic moiety.
Metal olefin complexes are assumed to be intermediates 
in the insertion reactions of metal hydrides. The inter­
mediate for ethylene with a Pt(II) substrate was found to
O
be unstable at 0°C and could not be isolated. However, at 
-78°C, it was stable and could be identified spectro­
scopically.
-78°C
trans - [PtH (acetone) L2] + C 2 H4 --- } trahs - [PtH(
(1)
When hydrogen atoms on ethylene are replaced with electron- 
withdrawing groups, the olefin is activated sufficiently 
enough to allow isolation of stable complexes at room
5temperature. Tetracyanoethylene (TCNE), in which four 
hydrogen atoms are replaced by cyano-groups, behaves as a 
strong electrophile and stable complexes of TCNE with 
IrCl(CO)(PPhg)2 r RhCl(CO)(PPh^ ) 2 have been prepared.® The 
strong electrophilic nature of tetracyanoethylene can also 
be inferred from CN stretching frequencies in coordinated 
compounds. On coordination, vCN decreases by about 30-50 
cm ■*". An interesting reaction of tetracyanoethylene is 
shown in Eq. (2).^®
-HC1
PtHCL(PEt3 ) 2 + TCNE -- » Pt (PEt3) 2TCNE (2)
As already mentioned, the usual reaction path of a metal 
hydride and an olefin involves insertion of the olefin into 
the M-H bond. Reaction (2) does not proceed by this path 
but rather an addition-elimination mechanism is believed to 
occur. Such a path has been attributed to the high 
stability of the TCNE complex formed. The existence of 
PtHCN(PEt3 )2TCNE,^ in which a hydridic hydrogen and an 
olefin occupy coordination positions, implies the stabiliz­
ing nature of TCNE. Alkynes of type RC2 R, where R = C02Me,
C02Et, C02H or CgH5, react with RhH(CO)(PPh3 ) 3 to form
11stable complexes. The products are formed via addition 
of M-H across the triple bond and in fact are a-complexes. 
These are fairly stable compared to labile cr-alkyl com­
plexes obtained by reaction of metal hydride with alkenes. 
12Vaska reported kinetic data which also showed the
6enhanced stability of the metal complexes of olefins with 
electron- withdrawing substituents. His data ape shown in 
Table I. These examples illustrate the generally observed 
stabilizing nature of electron-withdrawing substituents on 
M-olefin and M-acetylene bonds,.
Statement of the Problem
The analogy between the (NC^C moiety and an oxygen
13atom has been pointed out. There are similarities 
between some reactions of l,l-dicyano-2 ,2 -diaminoethylene 
and urea. The dicyano-diaminoethylene reacts with ethyl 
malonate to give 2-dicyano-methylene-4,6-dioxohexahydro- 
pyrimidine (Eq. 3). This reaction is formally analogous to 
the reaction of urea with ethyl malonate to give barbituric 
acid (Eq. 4).
0
ii
I I / 2
NC NHCO
NC NHCO 
I I
(3)
0
II
o = c
/
NHCO
CH, (4)
NH2 CoHc0C I 5 h
0
NHCO
(Barbituric Acid]
7TABLE 1
Equilibrium and Infrared Data for the Reactions of 
[IrCl (CO) (PPI1 3) 2 ] With Some Unsaturated Molecules, 
C2R4 , in Chlorobenzene at 30°C. Ref. 12
C2R4
a . a 
CO K eq., 1. mol ^
h2c=ch2 < 1
H2C=CH(CN) +57 1 . 2
(CN)HC=CH(CN) +70 1500
to O
II O to +91
(CN)2C=C(CN)2 +96 140000
a The increase (+) in the vCQ from the vCQ of the 
parent complex to that of the adduct measured in chloroform.
8Tetracyanoethylene can be considered as analogous to di­
oxygen. Dioxygen forms stable complexes with certain
14transition metal substrates such as IrCl (CO) (PPh3) 2 and 
15Pt(PPh3)2* Tetracyanoethylene also forms compounds with
9
the same substrates. These examples seem to be consistent 
with the idea that the (NC)2C moiety is electronically 
similar to the oxygen atom. Oxygen is more oXectronegative 
than carbon, but the presence of two cyano-groups bonded to 
carbon makes the electronegativity of carbon increase so as 
to approach that of oxygen.
In the context of the above analogy, the dicyano­
methanide ion, (NC)2CH , should be similar in reactivity to 
the hydroxide ion. This intriguing idea is the basis of 
the work described in this dissertation. The hydroxide ion 
is a strong nucleophile and is a well-known ligand in many 
transition metal complexes. Thus, it seemed likely that an 
investigation of the reactions of the dicyanomethanide ion 
with transition metal complexes might be a fruitful en­
deavor .
[°— h] ~
hydroxyl ion dicyanomethanide ion
Another reason for believing that the (NC)2CH~ ion
might form stable complexes is that methyl complexes of
16transition metals are very well-known. The methyl group
NC
\
NC
y
*H
17is also known to have a high trans influence. The
(NC)2CH is theoretically obtained from the methide ion by
replacing two hydrogen atoms with cyano-groups. The 0 -
bonded fluorocarbon complexes of transition metals are
found to be thermally more stable than 0 -bonded hydrocarbon 
18complexes. The cyano-group, which is an electron-with­
drawing group like fluorine, might be expected to produce 
similar results. Therefore, stable complexes of dicyano­
methanide containing a M-C bond might be capable of 
existence and, in fact, they might even be more stable than 
those of the methyl group.
There are several possible modes of bonding between
the (NC)2CH moiety and transition metals. Nitrile com-
19plexes are well-known, and bonding of RCN to metal has 
been observed to occur either through the lone-pair on 
nitrogen or via the nitrile ir-system. Which type exists 
in a particular complex can be easily inferred from the CN 
stretching frequency. If bond formation involves the lone- 
pair on nitrogen, vCN increases and appears at a higher 
energy in the complex than in the uncoordinated nitrile.
The vCN decreases and appears at a lower frequency if 
ir-system of the nitrile is involved in bonding.
The keteniminato resonance structure for (NC)2CH_ 
suggests that keteniminato complexes could result from the 
reactions of dicyanomethanide ion with transition metal 
substrates.
10
CN
- •» /
:n = c = c
H
The negative charge of this canonical form resides on the
nitrogen atom rather than on the carbon atom. Ketenimine
20-24complexes of transition metals and non-transition
O C _ O A ^
metals are well-known. Thus the (NC)2CEf may be ex­
pected to form ketenimine complexes as well. Therefore, 
there are at least four different bonding possibilities for
this intriguing ligand. These are depicted pictorially 
in Figure 2.
Acetylene and isonitrile complexes are known to under-
31go nucleophilic attack with alcohols. Equations (5) and 
(6 ) are two examples of these types of reactions.
AgPF -
trans - [PtCH3 (RC5CR)L23 + CH-jOH  [PtCR=C (OCH-j) R-I^]
PF" + ch4
(5)
+ A g P F 6trans - [PtCH3 (RCSCH)L21 + CH-jOH  trans - [PtCH3
(RCH2eOCH^L2]+PF6_
(6)
FIGURE 2
Four Different Bonding Possibilities of 
Dicyanomethanide With Metals
11A
I  o
\ /
, o
• \  o
III
I o o
\l/o
12
In case of (NC)jCH complexes, if the bonding is via the 
tt-system, the triple bond might be activated enough to 
undergo nucleophilic attack as well.
These various considerations led to the work described 
in this dissertation. When this investigation was begun 
there were no reports in the literature of transition metal 
complexes of the dicyanomethanide ion.
REVIEW OF PERTINENT CYANOCARBON-TRANSITION METAL CHEMISTRY
In this section, the chemistry of tetracyanoethylene, 
dicyanoacetylene, tricyanomethyl and cyanomethyl complexes 
will be briefly reviewed as it bears some relationship to 
the chemistry of the new complexes described herein. Also, 
the reactions of dinitriles with transition metals will be 
very briefly reviewed.
Tetracyanoethylene Complexes
Tetracyanoethylene (TCNE) complexes of transition
metals can be broadly divided into three categories (a)
polymeric chelates with phthalocyanine type structures;
(b) charge-transfer complexes in which TCNE is attached to
an aromatic ligand of the complex, rather than to the
metal; and (c) covalent complexes in which TCNE bonds to the
9
metal via the ethylenic linkage. Polymeric chelate com­
plexes are mostly dark and insoluble in common organic
solvents. A charge-transfer complex is known to be formed
32when TCNE reacts with ferrocene. The structure of the
33complex was determined by X-ray crystallography and is 
shown in Figure 3. Ferrocene and tetracyanoethylene in the 
charge-transfer complex have the same bond-lengths as in
the pure substances. With other metallocenes like cobalto-
34 35cene and dibenzene chromium, which are more easily
oxidized than ferrocene, tetracyanoethylene reacts to give
salts. Both infrared and ESR studies show the presence of
the tetracyanoethylenide radical anion.
Tetracyanoethylene derivatives of metal carbonyls are 
known, e.g. M(CO)^TCNE, where M = Cr, Mo, W.3^  The olefin 
is possibly bonded through the double bond (one sharp CN 
stretching band at 2203 cm . The wave-length of maximum 
absorption in the visible absorption spectrum of the 
chromium complex depends on the solvent implying charge- 
transfer complex formation between TCNE and various sol­
vents. With noble metal substrates, however, tetracyano­
ethylene forms remarkably stable complexes, e.g. Pt(PPh3)2 - 
TCNE [irup.~268-270°C (dec) 1 This TCNE complex was found
to be more stable than the ethylene complex. Thus the 
stabilizing effect of the CN group substituted to an olefin 
became evident. The complex Pt (PEtj) 2'TCNE3'^  was obtained 
by an uncommon elimination reaction. The reaction has been 
studied in detail and a mechanism has been proposed from 
kinetic data. During the investigation, PtHCN(TCNE) (PEt3) 2 
was isolated; this is significant as there are very few 
complexes known wherein an olefin and a hydride occupy 
coordination positions. Reactions of TCNE with
FIGURE 3 
Ferrocene-TCNE Complex
l^B
i
I
Fe
o
15
IrX(CO)(EPh3 )2 [E=P, X=C1, Br, I, NCS, NCO? E=As, X=C1] gave 
compounds with composition IrX(CO)TCNE(EPh3)2* ^ In the 
complex IrCl(CO)TCNE(PPh^)2 » the CO stretching frequency is 
observed at 2060 cm ^ and this high frequency suggests a 
substantial electron delocalization onto the coordinated 
TCNE.
Rhodium complexes such as RhX(CO)(PPh^)2 [X=C1, Br,
NCS] and RhX(CS)(PPh3 >2 [X«C1, Br] react with TCNE to form
1 : 1 adducts which are quite stable at room temperature but
37decompose slowly in solution. In benzene Pd(PPh3)^ forms
38Pd(PPh^)2TCNE with tetracyanoethylene.
In another investigation, reactions of tetracyano­
ethylene with hydride complexes of iridium were carried 
39out. Both displacement and 1,4-addition reactions were
observed. With IrH(CO) (PPh3> 3, IrH (CO) 2 (PPh-j) 2 and
IrH3 (CO)(PPh3 )2 * 1,4-addition of TCNE takes place and a
compound with formula Ir(CgN^H) (CO) TCNE (PPh3) 2 was isolated. 
40An X-ray study of the compound has shown it to have the
structure shown in Figure 4. Insertion reaction of TCNE of
24the 1,4-type were observed by Wojcicki and others in their 
investigation of the reaction between TCNE and CgHj-Fe (CO) 2 
CI^CgHg. They also isolated another product in low yield 
(1 2 %) from the reaction which was shown to result from 
1 ,2 -addition.
FIGURE 
Structure of 
Ir(C6N^H)CO(TCNE)(PPh3)2
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Dicyanoacetylene (DCNA) Complexes
Dicyanoacetylene complexes of noble transition metals
were prepared and investigated in detail by Baddley and 
41 42McClure. ' The complex Pt(PPhg)2DCNA was the product of 
reaction of dicyanoacetylene with PtCPPhg)^ or Pt(PPh3 ) 2 
(PhCSCPh) in benzene or benzene/THF mixtures. From 
PtHCl(PEt3 ) 2 and dicyanoacetylene, PtCllC (CN)=CHCN] (PEt3) 2 
was formed in benzene whereas Pt(DCNA)(PEt3 ) 2 was formed in 
THF. Dicyanoacetylene can be replaced by tetracyanoethylene 
and not by fumaronitrile and hexafluorobutyne. From infra­
red data and chemical properties, these complexes are 
better viewed as "platinacyclopropene" complexes. Di­
cyanoacetylene complexes of Ir, Rh and Pd also have been 
prepared. A novel a-dicyanovinyl tt-dicyanoacetylene com­
plex, Ir[C(CN)=CHCN](CO)DCNA(PPh3)2, was obtained from the 
reaction of DCNA with IrH(CO)2 (PPh3 > 2 in benzene/dichloro- 
methane. The carbonyl stretching frequencies in the infra­
red spectra of the DCNA complexes suggest that DCNA is 
comparable in rr-acid strength to fumaronitrile.
Tricyanomethanide Complexes
43The tricyanomethanide ion has a planar structure.
44Extended Huckel calculations show more charge density on 
the nitrogen atoms than on the central carbon atom. Thus 
bonding through nitrogen to an electrophile is favored and 
a number of N-bonded complexes have been isolated. Poly­
meric [Co(NO)_TCM] and [Ni(NO)TCM] are obtained from 
2 n n
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reactions of Co and Ni nitrosyl halides with potassium
20tricyanomethanide in ethanol. By analogy with nitrosyl 
halide complexes, tricyanomethanide bridges were proposed 
for the polymeric compounds. The cobalt compound reacts 
with phosphines to give Co(NO)2PR3TCM[R=CgH5 ,C6H11] whereas 
[Ni(NO)TCM] with phosphines give [Ni(NO)PR3TCM] 2 and 
Ni(NO)(PR3 )2TCM* The increase in vCN in all the complexes 
relative to vCN in uncoordinated tricyanomethanide ion 
indicates metal-nitrogen bonds.
45Manganese pentacarbonyl halides, [Mn(C0^X] X=Cl,Br,I 
reacted with potassium or silver tricyanomethanide in 
tetrahydrofuran to give Mn(CO)^TCM. These complexes are 
stable in air for long periods. One mole of CO can be 
substituted by phosphines or phosphites from Mn(CO)^TCM in 
tetrahydrofuran (Eq. 7).
Mn (CO)5 [C(CN)3l + L -- > Mn(CO)4 L[C(CN)3] + CO (7)
L = PPh3, P(C6Hi;l)3, P (OPh) 3
The phosphine and CO occupy trans positions. The Fe 
complex CgH,-Fe (CO) 2 * reacts with silver tricyanomethanide 
to give CgH^Fe(CO)2TCM.
21Pseudohalide behavior of tricyanomethanide is 
evident in its reactions with M(CO)g[M=Cr,MO and W]. The 
compound [K(diglyme) 3] [W(CO) ,-TCM] was the product of the 
reaction between W(CO)g and potassium tricyanomethanide in
19
diglyme at 120°C. As in the isothiocyanato complexes, the 
stability increases as Cr < Mo < W. Tetraphenylporphine
iron (III) tricyanomethanide was prepared by Reich and
23 —Cohen and they found that C(CN) 3 remains essentially
planar even after coordination. Thus there is no covalent
bond between Fe(III) and C(CN)3“ in this complex. The vCN
appears at 2190 cm”"1 as a singlet and this compound is
proposed to be purely ionic.
The complexes Fe (TCM) 2 «1/2H20, Co (TCM) 2 *1/2^0,
Ni(TCM) 2 *1/2H30 , Cu(TCM) 2 and Mn(TCM) 2 were reported in
46 471962. An X-ray study of the copper complex showed the
structure to be polymeric with octahedral coordination
48around the central metal. Kohler and co-workers have
prepared complexes of the type M(TCM)2L 2 [L=pyridine, 2-
methylpyridine; M=Mn, Ni, Co, Cu] ; M(TCM)2 (py)3 [M=Mn, Fe,
Co] and M(TCM)2 (py)4 [M=Ni, Co, Cu]. These complexes are
monomeric in solution. However, a polymeric structure has
been proposed for the solid state.
The reactions of potassium tricyanomethanide with
noble transition met&ls were first studied by Lenarda and 
49Baddley. They found that the tricyanomethanide ion bonds
/CN
to noble metals through the -N=C-c linkage. This bonding
CN
mode was proposed from infrared and NMR spectral data and
50has been corroborated by an X-ray study. The iridium 
complex, IrCl(CO)L3 [L=PPh3, AsPh3] reacts with potassium 
tricyanomethanide in either acetone or dichloromethane/ 
acetone to give Ir(C4N 3 )(C0)L2- Like IrCl(CO)(PPh3)2,
20
which forms 1:1 adducts with ir-acids such as TCNE, the di- 
cyanoketeniminato-complex also gave 1 : 1  adducts with tetra­
cyanoethylene, fumaronitrile and sulfur dioxide. Dicyano- 
keteniminato-complexes of other noble metals [Pd, Pt, Rh] 
were also obtained. The dicyanoketeniminato-ligand was 
shown to be electronically similar to thiocyanate or cyanate 
anions. Further, the authors concluded that the dicyano­
keteniminato -moiety can be classified as "hard" and that it 
is a good a-bonder with poor ir-bonding properties.
Cyanomethyl Complexes
Cyanomethyl complexes of transition metals were first 
51reported in 1963. The iron complex Na[CgHgFe(CO)2 ] 
reacts with ClCI^CN to form dicarbonyl(1-cyanomethyl) 
cyclopentadienyl iron, C^H^Fe(CO)^  (CHgCN). The complex is 
orange-yellow and moderately stable in air. Treatment of 
the complex with dry hydrochloric acid produced a cation 
which was isolated as the hexachloroantimonate or per­
chlorate salts. These salts are stable to oxidation and 
can be handled in air for a short period. They are found 
to be 1:1 electrolytes. In Figure 5 the proposed structure 
of the cation is shown. This structure was deduced from 
infrared and NMR spectral properties. The terminal 
carbonyl stretches occur at ca. 50 cm ^ higher frequency 
than the stretches of the neutral complex, indicating a 
higher oxidation state, of the metal in the cation. The 
VCN d;*-saPPears the cation and two new NH stretches
FIGURE 5 
Proposed Structure of 
tC^H^Fe (CO ) 2 (RCH2CN)3 + (R^H.CH^)
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appear. On the basis of two NH stretches, it was postulated 
that there are endo and exo isomers in equilibrium. The 
postulated mechanism for protonation is shown below.
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52Faraone et al. reacted CICH2CN with CgH^Rh(CO)L 
tL=CO, PPh3] and obtained orange [C5 H5Rh(CO)(CH2CN)PPh3]Cl 
and [CgH^Rh(CO)(CH2CN)PPh3 ]BPh4« These Rh(III) compounds 
are relatively stable and only slowly decompose at room 
temperature. The CN stretch in these complexes appears 
at about 2,200 cm
Cyanomethyl complexes of Pd(II) were reported by
53Suzuki and Yamamoto in 1973. The Pd complex, trans - 
PdCl(CH2CN)(PPh3 ) 2 is formed when Pd(PPh3 > 4 reacts with 
C1CH2CN. The two triphenylphosphine molecules in this 
complex can be replaced by treatment with chelating agents 
such as Ph2PCH2CH2PPh2, Ph2 PCH2CH2AsPh2, 1 -phenanthroline, 
etc. The bromo-analog, trans-PdBr(CH2CN)(PPh3 ) 2 is ob­
tained from the corresponding chloride after reaction with 
LiBr in acetone. The vCN in these complexes appear at 
ca. 2200 cm”1. From Pd-Cl stretching frequencies and also 
from NMR data, a trans configuration for the complexes 
PdX(CH2CN)(PPh3 )2 [X=C1, Br] has been proposed.
23
PicyaRemethyl Complexes
During the course of the work described in this
54 55dissertation, two reports ' of dicyanomethyl complexes
of transition metals have appeared. A few complexes of
Co (III) containing the (NC)2CH moiety were p r e p a r e d a n d
the existence of a Co-C bond was verified by a full three-
dimensional X-ray crystal structure of one complex. All
the Co-complexes decompose when heated in pyridine and in
turn form cyanocomplexes.
55
K i n 9 et al. prepared a dicyanomethyl complex of iron 
in 2.5% yield from the reaction of di-or monobromo-malono- 
nitrile with NaFe (CO) 2Ct.H,-.
Dinitrile Complexes
Malononitrile is the simplest dinitrile. It is very 
similar to dicyanomethanide ion, as the latter can be 
derived from malononitrile simply by removing a proton. A 
few reports of the reactions of malononitrile with transi­
tion metals are found in the literature. The first such
5 6report appeared in 1963. Tetrahalides like TiCl^, TiBr^, 
ZrCl^ and SnCl4 in dichloromethane with malononitrile 
formed TiCl4 *CH2 (CN)2, TiCl^-2CH2 (CN)2, TiBr4 *CH2 (CN)2, 
ZrCl4 •2CH2 (CN) 2 and SnCl4 *2CH2 (CN)2» In all complexes, 
increase in v^N is observed implying bonding through 
nitrogen. The 1:1 complexes are assumed to be coordination 
polymers. The 1:2 complexes contain two malononitrile 
molecules, each one being bonded to the metal through a
24
lone-pair on nitrogen of one -CN group.
57Carmichael and Edwards studied the reaction of 
malononitrile with MoOClg and obtained MoOClg*CH2 (CN)2<
The dinitrile here was assumed to act as a bridging ligand, 
bonding to Mo being through nitrogen atoms. Farona and
CO
Kraus prepared M(CO)3CH2 (CN)2X[M=Mn, Re; X=Cl,Br] by 
direct reaction of malononitrile with manganese and rhenium 
pentacarbonyl halides. (Eq. 8 )
Mn(CO)5Cl+CH2 (CN) 2 --$ Mn (CO) 3CH2 (CN) 2Cl+2CO (8 )
The compounds are stable in solid state. Since they are
insoluble in organic solvents, NMR and molecular weight
determinations could not be used as structural tools. From
infrared data, where a decrease in v_„ by about 2 0 0 cm"'*'CN J
was observed, it was postulated that C^N multiple bonds 
are involved in bond formation. The structure as shown in 
Figure 6 was proposed for the complexes wherein malono­
nitrile acts as a bidenfcate ligand coordinating through C=N
multiple bonds. However, this proposed structure was
59disputed by Dunn and Edwards, who offered proof to the 
effect that the nitrile links to the metal through a 
nitrogen atom and not through the 7T-system.
A very unusual reaction**** occurs between malononitrile 
and zinc chloride in boiling ethanol. The bright yellow 
product has ammine substituted pyridine as a ligand and 
the following configuration has been postulated.
FIGURE 6 
Proposed Structure of 
M(CO)3(Mal)X 
(M = Mn, Rej X = Cl, Br)
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The ligand was derived from malononitrile after addition 
of ethanol to a C=N bond, followed by condensation with 
another molecule of malononitrile and eventually cycliza- 
tion. One of the ammine groups on pyridine bonds to the 
metal (Zn).
Niobium and tantalum pentahalides form complexes with
61malononitrile either in 1:1 or 2:1 stoichiometry. The 
complexes are N-bonded and the CN stretching frequency in­
creases by about 30-60 cm ^ upon complexation. From 
solubility and melting point characteristics, the 1 : 1  
complexes are assumed to be either dimeric or polymeric 
with bridging malononitriles. In the 2:1 complexes, one 
malononitrile molecule bridges two metal halide molecules. 
Complexes of other dinitriles such as succinonitrile,
glutaronitrile, adiponitrile have been prepared and 
£2-6 5
studied. Their chemistry is, however, very similar
to that of malononitrile. Except for two reports by 
53 6 6Farona et al. ' essentially all other reports postulate
N-bonded configurations with bridges. X-ray structure 
67determination of some dinitrile complexes have shown 
only the N-bonded form.
CHAPTER II 
EXPERIMENTAL
Materialss Sodium dicyanomethanide can be prepared
in various ways.<^ ~'?® Although it has been reported^®
that an ethereal solution of malononitrile reacts with
sodium ethoxide to form a mixture of mono- and disodium
71malononitrile, it is doubtful' if sodium ethoxide in 
ether is a strong enough base to remove both hydrogens 
from malononitrile. For experiments described herein, 
sodium dicyanomethanide was prepared in solution by mix­
ing ethanolic malononitrile with sodium ethoxide in a lsl 
molar ratio. Malononitrile (6.6 g, 0.1 mole) was dissolv­
ed in 5 0 ml of absolute ethanol and then mixed with 50 ml 
of sodium ethoxide solution (containing 0.1 mole of 
sodium). The solution contained 1 mmole of sodium di­
cyanomethanide per milliliter. This solution of sodium 
dicyanomethanide was stable for three to four days if 
stored under a nitrogen atmosphere. However, it was 
observed that purer products were obtained by using a 
freshly prepared sodium dicyanomethanide solution.
Thiophene-free benzene was stored over sodium wire and 
used when necessary. All other reagents were of analytical 
grade and were used without further purification.
The noble metal substrates which were used as starting 
materials were either bought or prepared in the
27
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laboratory according to established literature procedures. 
The complexes Pd(py)2Cl2 , Pd(bipy)Cl2 , Pd(phen)Cl2 , 
Pd(PPh^)2Cl2 and Pd(AsPh^)2Cl2 were prepared from
Na2PdCl^ and the ligands by direct mixing in stoichio-
72metric amounts. From KgPtCl^ and pyridine, Pt(py)2Cl2 
was obtained in a similar way. Other complexes IrCl(CO)- 
(PPh3)2,73 RhCl(CO)(PPh3)2 ,7if RhCl(CO)(AsPh3)2 ,7i<' RhH(CO)- 
(PPh3)3 ,75 Ir(C10^)(C0)(PPh3)2 ,76 Rh(C10^)(C0)(PPh3)2 ,76 
Pd(PhGR)2C12f77 Pt(PPh3)^,7® cis-Pt(PPh3)2Cl2t7^ trans- 
PtHCl(PPh3)2 ,79 fils-Pt(PEt3)2Gl2 ,8° trans~PtHCl(PEt3)£ .80 
Ni(PPh3)2Cl2 ,81 [Pd(dien)Br3Br82 were prepared in the 
laboratory. The reactions of these complexes with 
sodium dicyanomethanide were investigated.
Due to their known reactivity towards oxygen, the re­
actions of iridium and rhodium complexes were performed in 
an atmosphere of nitrogen. On completion of the reaction, 
the work-up of the reaction mixture was, however, done in 
open atmosphere. No adverse effect was observed when the 
reaction of palladium and platinum were carried out with­
out an inert atmosphere. So these reactions were per­
formed under ambient atmospheric conditions.
Most reactions resulted in a single product under 
given experimental conditions and no further purification 
except recrystallization was necessary.
Instrumentation: The infrared spectra of the new com­
plexes were taken either in Nujol mulls or in solutions 
with a Perkin-Elmer Model IR-621. The spectral region
29
studied for most complexes was 4000 to 200 cm . Cesium 
iodide plates were used for obtaining Nujol mull spectra.
The solution spectra were obtained with matched NaCl IR- 
cells, using pure solvent as the reference. The abbrev­
iations used to describe the absorption band shape and 
intensity ares vs - very strong} s - strong; m - medium; 
w - weak; b - broad; and sh - sharp. All band positions 
are given in cm“*.
Proton magnetic resonance spectra were obtained either 
with a Varian Model A-6 0A or a HA-100 NMR spectrometer. The 
solid compound was dissolved in a suitable solvent, e.g. 
deuterated chloroform, deuterated methanol or deuterated 
dimethyl sulfoxide. Tetramethyl silaine (TMS) was used as 
an internal standard. Resonance fields are reported either 
as 6 (ppm) or *r with reference to TMS and the coupling con­
stants between interacting nuclei are measured in cycles 
per second (Hz).
Elemental analyses for carbon, hydrogen and nitrogen 
in the newly synthesized complexes were performed by Mr,
R. L. Seab of the Department of Chemistry, Louisiana State 
University, Baton Rouge. All other elemental analyses 
were performed by Galbraith Analytical Laboratories, 
Knoxville, Tennessee.
Molecular weights were measured by the vapor pressure 
depression technique with a Mechrolab Osmometer by 
Hewlett-Packard, Model 302. Benzil was used as the 
calibrating solute and the instrument was calibrated for
30
various solvents (benzene, chloroform, etc.) with a
O
37 C non-aqueous probe.
Decomposition and melting temperatures were recorded 
by means of a Fisher-Johns melting point apparatus and 
are uncorrected.
Electrolytic conductances of ionic complexes were 
measured with a conductivity bridge (Industrial instruments 
Inc., Model RG-16) and a Sargent conductivity cell with 
platinized electrodes. The electrodes were cleaned 
periodically by dipping in 10% HCl solution. The cell 
constant was calculated by using a standard KC1 solution.
Experimental Chemistry of Palladium (II)
A. Reactions of Sodium Dicyanomethanide With Various 
Palladium (II) Complexes
1. With Pd(PhCN)2Cl2.
The complex Pd(PhCN)2Cl2 (0.1 g, 0.25 mmole) was 
dissolved in methanol (20ml). To the solution, an 
ethanolic solution of sodium dicyanomethanide (3 mmole) 
was added. Immediately the reaction mixture became orange 
and clear. After ten minutes, a methanolic solution of 
tetraphenylarsonium chloride (0 . 2  g in 5 ml methanol) was 
added slowly to the reaction mixture. Within a few minutes 
of mixing a white solid began precipitating. The pre­
cipitate was allowed to settle for five minutes, and then 
the contents were filtered and the residue was washed with 
water and methanol. Finally, the white solid was dried in 
vacuo. The compound decomposes on heating around 
170°C. It is insoluble in alcohols, water,
3*
acetone, ether, benzene and dichloromethane. It is, how­
ever, soluble in dimethyl sulfoxide. The infrared 
spectrum of the compound in Nujol mull included a band at 
2200 cm”*(vs) which can be attributed to the stretching 
frequency of CN(i)c= n )•
The proton magnetic resonance spectrum of the compound 
in d^-BMSO shows resonances for phenyl protons at 7.8 8 
and for dicyanomethyl protons at 2.38. The integrated 
areas are in the ratio of 10*1 respectively.
The electrolytic conductance measurement of the 
compound in dimethyl sulfoxide indicated it to be an ionic 
complex. The molar conductivity in dimethyl sulfoxide was 
determined to be 66 ohms”*. For comparison, it might be 
worth mentioning that the molar conductivity of tetrabutyl 
ammonium iodide (a 1*1 electrolyte), Buij.NI, in DMSO was 
measured as 35 ohms"*. The yield of the reaction was 
calculated to be 72%.
Anal. Calculated for C^gH^NgAsgPd* C, 63.5^1 H,
3.91J N, 9.88. Found* C, 63.^0} H, 3.76} N, 9 .8 3 .
2. With NagPdCl^.
The palladium complex NagPdCl^ (0.1 g, 0.3^ mmole) 
was dissolved in 20 ml of methanol. To the orange sol­
ution, an ethanolic solution of sodium dicyanomethanide 
(2 mmole) was added and the mixture was stirred at room 
temperature for fifteen minutes. The initial orange color 
changed to yellow. A methanolic solution of tetraphenyl-
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arsonium chloride (0 . 2  g in 5 ml methanol) was then slowly 
added. Within a few minutes a white solid started forming 
and settling down to the bottom of the reaction flask.
The reaction was stopped and the contents were filtered.
The residue on the filter was washed with water, methanol 
and ether and then dried in vacuo.
The white complex isolated was found to be identical 
to the compound obtained in the previous reaction. Both 
complexes reproduced the identical infrared and proton 
magnetic resonance spectra. The yield of the reaction 
was 7 5%.
Anal. Calculated for C^gH^NgAsgPdi C, 6 3 .5 ^ 1 H, 
3.91i N, 9 .8 8 . Founds C, 63.75i H, 3.82? N , 9 .8 9 .
3. With Pd(AsPh3)2Cl2.
The complex Pd(AsPh^)2Cl2 (0.078 g, 0.1 mmole) was
suspended in 15 ml of methanol and to it was added an
ethanolic sodium dicyanomethanide solution (0.*f mmole).
e
The mixture was cooled to 0 C with ice-water mixture and 
the reaction was carried out with stirring at this tempera­
ture for forty minutes. A colorless solution was obtained. 
Then a methanolic solution of tetraphenylarsonium chloride 
(0.2 g in 5 ml methanol) was prepared and slowly added to 
the colorless reaction mixture. Within a few minutes white 
flaky solid started separating out. The reaction was 
stopped, and was allowed to settle. The solution was 
brought to room temperature and then filtered. The residue
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on the filter was washed with water, methanol and ether. 
Finally, it was dried in vacuo.
The isolated compound was identical to the product 
obtained from previous two reactions.
Anal. Calculated for C ^ H ^NgAsgPdt C , 63.5^1 H, 
3.91* N, 9 .8 8 . Founds C, 6 3 .6 7 * H, 3.91* N, 9 .6 3 .
4. With Pd(py)2Cl2.
(a) The complex Pd(py)2Cl2 (0.05 g» 0.15 mmole) 
was suspended in 20 ml of methanol, and to the suspension 
1 mmole of sodium dicyanomethanide in ethanol was added.
The reaction mixture was stirred at room temperature for
0.5 hr. A clear and yellow solution was obtained and to 
it a methanolic solution of tetraphenylarsonium chloride 
(0.2 g in 5 ml methanol) was slowly added. A white solid 
started forming within a few minutes of addition and the 
heterogenous mixture was stirred for ten more minutes. The 
white solid was filtered on a sintered glass crucible 
(15 ml capacity) and was washed several times with water, 
methanol and finally with diethyl ether. After drying the 
compound in vacuo for ten hour® * an infrared spectrum was 
obtained which clearly indicated that the complex was 
identical to the one obtained in the previous three 
reactions.
Anal. Calculated for C^0H^NgAs2Pd 1 C, 6 3 .5**» H, 
3.91* N, 9 .8 8 . Foundi C, 62.9^* H, 3 .6 9 * N, 9.83.
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(b) The complex Pd(py)2Cl2 (0.268 g, 0.8 mmole) 
was dissolved in 60 ml of diehloromethane. To the clear 
yellow solution an ethanolic sodium dicyanomethanide 
solution (1.6 mmole) was added. Immediately, the solution 
became cloudy. The reaction was carried out at room temp­
erature for 1 hr. The contents were then filtered and 
the residue on the filter was washed thoroughly first 
with dichloromethane and then with methanol, water and 
ether. The off-white solid compound was dried jLn vacuo. 
The complex isolated was found to weigh 0.080 g and the 
yield was calculated to be 25%. The complex does not 
dissolve in alcohols and halogenated hydrocarbons and 
therefore could not be recrystallized. It melts with
O
decomposition at 1 7 5 C.
The infrared spectrum of the complex in J'lujol mull 
exhibited a strong absorption band at 2212 cm which is 
due to the C=N stretching frequency. The C=N stretch of 
the two coordinated pyridine molecules was observed as a 
sharp single band at 1 6 0 0 cm“* with medium intensity.
Anal. Calculated for C^H^N^Pd* C, 48.691 H, 3.06j 
N, 21.28. Foundt C, 4?.99» H, 2.84j N, 21.28.
5. With Pd(phen)Cl2<
(a) The complex Pd(phen)Cl2 (0.14 g, 0.4 mmole) 
was suspended in 30 ml of dimethyl sulfoxide and to the 
suspension am ethanolic solution of sodium dicyanomethanide
35
(0.8 mmole) was added. Within a few minutes most of the 
solid complex dissolved to form a yellow solution. The 
reaction mixture was filtered to remove any undissolved 
particles and then stirred at room temperature for 0.5 hr. 
Ethyl alcohol (60 ml) was added to the reaction mixture and 
it was stored at -20°C for 5 hr . Then the contents 
were filtered and the yellow solid on the filter was 
washed thoroughly with water, ethanol and ether. The 
complex was dried in vacuo. The dry solid weighed 0.120 g 
and the yield was calculated to be 73%.
The infrared spectrum of the new complex in Nujol mull 
exhibited a medium to strong absorption band at 2212 cm”* 
which is due to the CN stretch in the molecule. The 
other bands at 1 6 0 0 cm”* (m), 847 cm”* (s) and 717 cm”* (s) 
can be attributed to the coordinated phenanthroline mole­
cules. This complex is also very insoluble in common 
organic solvents and hence could not be recrystallized.
o
The complex decomposes on heating at 215 C.
Anal. Calculated for ci8HioN6Pds C ' 51.92* H, 2.40* 
N, 20.19. Foundi C, 51.26| H, 2.32* N, 19.90.
(b) The complex Pd(phen)Cl2 (0.14 g, 0.4 mmole) 
was suspended in 30 ml of dimethyl sulfoxide and to the 
suspension an ethanolic solution of sodium dicyanomethanide 
(0.4 mmole) was added. The reaction mixture was filtered 
after two minutes and the residue was discarded. After 
ten minutes, ethanol (30 ml) was added and the reaction 
flask was allowed to sit on the desk top for several hours.
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A yellow solid separated and was collected on a filter. 
The complex was washed thoroughly with water, ethanol and 
diethyl ether. After drying in vacuo, the weight of the 
complex was found to he 0.075 g» yield 48%. The complex 
decomposes at 2 5 0 °C.
The infrared spectrum of the yellow complex in Nujol 
mull exhibited a strong absorption band at 2 2 1 0  cm” 1 which 
can be attributed to the Hjn* Also, a weak band at 340 cm" 1 
can be assigned to the Pd-Cl bond stretch .
Anal. Calculated for C^H^ClN^Pdi C, 4-6.521 H, 2.32j 
N, l4.46j Cl, 9 .1 5 . Found» C, 45.01} H, 2.26} N, 14.04}
Cl, 10.12.
6 . With Pd(bipy)Cl2,
(a) The complex Pd(bipy)Cl2 (0.06? g, 0.2 mmole) 
was dissolved in 40 ml of dichloromethane. An ethanolic 
solution of sodium dicyanomethanide (0.4 mmole) was added 
to the yellow solution and the reaction was carried out 
for 1 hr. The solution was then directly filtered into 
50 ml of hexane. The filtrate, coming into contact with 
hexane, immediately formed a pale yellow solid. The solid 
was again collected on a filter, washed with ethanol, 
water and ethanol/ether. Finally, the complex was dried 
in vacuo. The weight of the dry complex was 0.045 g and 
the yield was calculated as 62%. The complex decomposes 
at 210 C.
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Anal. Calculated for C^H^ClN^Pd* c » **3.04* H,
2.48* N , 1 5 .4 5 * Cl, 9.75. Found1 C, 43.46* H, 2.34*
N, 16.351 Cl, 9.15.
The infrared absorption spectrum of the complex in 
Nujol mull implied the presence of the dicyanomethyl moiety. 
The \)CN was observed at 2212 cm"1 (medium). Also the 
Pd-Cl bond stretching frequency was seen at 342 cm"1.
The complex is quite insoluble in common organic solvents.
(b) The complex PdCbipyjCl^ (0.1 g, 0.3 mmole) 
was suspended in 3 0 ml of methanol in which 0,2 gi, 
ammonium hexafluorophosphate was dissolved. The suspension 
was stirred at 5 0 ®C for 1 hr with an ethanolic solution 
of sodium dicyanomethanide (0.8 mmole). A pale yellow 
solution was obtained, and methanol was fully removed 
under reduced pressure from the solution. To the residue,
20 ml of dichloromethane was added and a slurry was 
obtained. By filtration of the slurry a pale yellow solid 
was isolated which was washed with methanol, water and 
ether. After drying the complex in vacuo the yield was
O
calculated to be 50%. The complex decomposes at 220 C.
Anal. Calculated for C^H^ClF^N^PPd* C, 26.11* H,
2.39* N, 9 .1 3 , Cl, 7.70* F, 24.79* P, 6.72. Found* C,
26.55* H, 2.39* N, 9.33* Cl, 8.18* F, 27.03, P, 6.39.
The infrared spectrum of the complex in Nujol mull 
showed no absorption in the region 2300 to 2000 cm"* implying
that there was no cyano-groups in the molecule. Two sharp N-H
—I — 1stretches were observed at 3340 cm (s) and 3273 cm (m).
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The band at 1600 cm” was from the bipyridyl segment
(^C=N s'fcrei'chl) in the molecule. A very strong band at
835 cm”* indicated the presence of PFg” group. The Pd-Cl
stretch was* observed at 342 cm as a weak band.
The electrolytic conductance of the complex in di-
- 1methyl sulfoxide solution was measured to be 3 5 ohms .
This value indicates that the complex is possibly a 1 : 1  
electrolyte.
The proton magnetic resonance spectrum of the complex 
in d^-DMSO showed absorptions due to the protons on 
bipyridyl moiety and coordinated ammonia. The N-bonded 
hydrogens absorb as a broad band centered at 4.05$.
(c) The complex Pd(bipy)Cl2 (0.1 g, 0.3 mmole) 
was dissolved in 20 ml of dimethyl sulfoxide. To the clear 
solution an ethanolic sodium dicyanomethanide solution 
(0.6 mmole) was added. Immediately the yellow solution 
became orange. The reaction was carried out for twenty 
minutes with stirring. An orange solid separated 
and was collected on a filter, washed with ethanol and 
finally dried _in vacuo. The dry solid is stable up to 
300°C.
Anal. Calculated for C^HgN^Pds C, 45.80; H, 2.54;
N, 17.81; Cl, 0.00. Founds C, 45.93; H.2.49; N, 1 6 .6 9 ;
Cl, 0 .0 7 .
The elemental analysis data and the h.ujol mull 
infrared spectrum of the complex suggest the structure 
Pd(bipy) .(CN) 2 . The CN stretch is observed at 2145 cm”*
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(sharp* medium)* which is the normal energy region where 
cyano-complexes absorb.
However, the insoluble nature of the complex and its 
high thermal stability might indicate that the solid is 
polymeric with bridging CN grcaajas,
7. With CPd(dien)Br]Br.
The complex (Pd(dien)BrJBr (0.148 g, 0.4 mmole) 
was added to the solution of sodium dicyanomethanide 
(o.4 mmole) in 30 ml of methanol. The mixture was stirred
O
at 50 G for 1 hr and a yellow solution was formed. The 
reaction was stopped and the volume was reduced to 5 mi. - 
The solution was stored at -20°G for four days when a 
yellow solid separated out. It was filtered, washed with 
methanol and ether and then dried in vacuo. The compound
o
decomposes on heating around 206 0.
In a Nujol mull spectrum, the CN stretch of the 
complex was found at 2147 cm"1, possibly implying 
the presence of coordinated cyano-group. No Pd-Br . . 
stretch could be observed.
Anal. Calculated for C^H^BrON^Pd: C, 20.73» H,
4.8 9 1 N, l6.12j Br, 23.00. Found: C, 19.04» H, 4.33; N,
16.20i Br, 22.53.
The analytical data suggest the formulation [.Pd(dien) 
CfOtfr^CH^OH. The nature of the methanol molecule in the 
complex is not understood. However, it could not be
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removed from the complex after recrystallization from 
water/acetone or water/EHF. The analytical data do not 
change after recrystallizations.
The complex is an ionic one and its molar conductance 
in aqueous solution was measured to he 100 ohms ,
8. With CPd(Me5dien)C3 PF6 .
The complex [[Pd(Me^dien)C:QPF^ (0,184 g, 0.4 mmole)
was suspended in 30 ml of methanol containing 0.4 mmoles
of sodium dicyanomethanide. The mixture was stirred at 
o
50 G for one: hour. An orange yellow solution was obtain­
ed. The volume of the solution was reduced to 10 ml and
o
was stored at -20 G for two days, A solid was found to 
separate out which was collected and identified as un­
reacted [Pd(Me^dien)Cl3PF^.
Similarly, no reaction took place between CPd(Et^dien) 
CiJCl and sodium dicyanomethanide.
Experimental Chemistry of Platinum (II)
A. Reactions of Sodium Dicyanomethanide With 
Platinum (II) Complexes
1. With cis-Pt(PPh^)2Cl2.
(a) To a solution of cis-Pt(PPh^)^C1^ (0.2 g, 0.25 
mmole) in 30 ml of diehloromethane an ethanolic solution 
of sodium dicyanomethanide (0,25 mmole) was added. The 
reaction mixture became yellow and after 0.5 hr it was
4-1
filtered directly into hexane (50 ml). A pale white 
solid which separated. - was collected on a filter, 
washed with several portions of hexane and then dried 
£78% yield, mp, 240°C (dec. £J .
Anal. Calculated for C^H^ClNgPgPt * c » 57- H i
H, 3.89; N, 3.4-11 mol wt , 820. Found* C, 56.60j
H, 3.81j N, 3.22} mol wt ; 890 (benzene).
In the Nujol mull infrared spectrum the CN stretch
was observed at 2220 cm”3- (m) and the Pt-Cl stretch was 
seen at 301 cm-1 as a weak band. It is soluble in benzene 
and chloroform but insoluble in alcohols.
The same complex was also obtained when the reaction 
was carried out in ethanol. The complex, cis»Pt(PPh^)^Cl^ 
(0.2 g, 0.25 mmole) was suspended in 30 ml of ethanol and 
to the suspension an ethanolic solution of sodium dicyano­
methanide (0.25 mmole) was added. The suspension was 
stirred at room temperature for 1 hr and then the product 
was collected on a filter. Several recrystallizations 
from dichlororaethane/hexane gave the pure product.
(b) The complex cis-Pt(PPh^)-~C1„ (0.14- g, 0.18 
mmole) was suspended in methanol (30 ml) and 1 mmole of 
sodium dicyanomethanide in ethanol was added. The 
suspension partially dissolved to give a yellow solution, 
but after 2 hr . a white solid began to separate. The 
solid was separated by filtration, washed with water, 
methanol and ether. It was recrystallized from dichloro-
kz
methane/methanol to give yellow crystals, yield 55%,
0
which decomposes at 205 C.
Anal. Calculated for C ^ H ^ N j ^ P t * C, 59.37? H, 
3.78; N, 6.59. Found* C, 59.1*M H, 3.70; N, 6.86.
The infrared spectrum in Nujol mull of the complex
—  1 1showed two bands at 2192 cm (m) and 2176 cm (m). The
proton magnetic resonance spectrum of the complex in
d-CHCl^ showed absorptions due to phenyl protons at 7.5 $
and another broad band centered at 1.6 & .
2 . With trans-PtHCl(PPh^)2.
To a suspension of trans-PtHCl(PPh-j)~ (0.5 g* 0.66 
mmole) in 25 ml of ethanol, 1 mmole of sodium dicyano­
methanide in ethanol was added. The suspension was 
stirred at room temperature for 0.5 hr and then filtered. 
The white residue on the filter was washed several times 
with water and then with ethanol. It was dried _in vacuo 
[57% yield; mp, 150°C (dec.)] .
Anal. Calculated for * C, 59.61; H,
4.10; N, 3.56; mol wt , 7 8 6. Found* C, 59.82; H,
4.11; N, 3.15? mol wt , 741 (benzene).
Infrared absorption bands are observed at 2208 cm”1 
(m) and 2126 cm”1 in a Nujol mull spectrum of the complex. 
The higher energy band is assigned to and the lower one
to ^Pt-H’
A proton magnetic resonance spectrum of the complex
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in d-CHCl^ shows a triplet of doublets at 20.8 >. The 
coupling constants were 15 Hz and 3 Hz.
When the above reaction was carried out at a higher 
temperature (^60°C) , a mixture of two products was formed. 
The complex trans-PtHC1(PPh^)^ (0.25 g* 0.33 mmole) was 
suspended in 30 ml of ethanol and 1 mmole of sodium 
dicyanomethanide in ethanol was added. The temperature was 
raised to 6o°G and the reaction was carried out for 0.5 
hr to give a clear yellow solution, It was cooled and 
water was slowly added until the mixture became cloudy.
On standing a ,yellow solid s e p a r a t e d . T h e  yellow solid 
partially dissolved in 20 ml of methanol leaving a white 
insoluble residue. The white residue was washed with 
methanol and dried. On adding water to the filtrate, a 
yellow solid formed. It was collected and dried in 
vacuo.
The Nujol mull infrared spectrum of the white solid
— I —1showed two bands at 2131 cm (m) and 2141 cm” (m).
Only one band at 2141 cm”1 (m) was observed for the yellow
— 1solid in the energy region 2000 to 2400 cm
The proton magnetic resonance spectra of the two 
complexes in d-CHCl^ indicated that there was no hydrogen 
bonded to platinum.
Anal. Calculated for C^H^N^P^Pt i C, 59«l4| H,
3.88* N, 3 .6 3 . Foundt C, 59.06j H, 4.15i N, 3.10 for 
the yellow solid. Foundi C t 58.691 H, 3.95i N, 2.81 
for the white solid.
From analytical and spectral data, the yellow complex
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can be assigned the formulation trans- P t P P h ^ ). and 
the white one can be assigned the formulation cis- 
Pt(CN)2(PPh3)2.
3. With trans-PtHCl(PEt^)~.
The complex trans-PtHCl(PEt^)~ (0.2 g, 0.42 mmole)
was dissolved in methanol (15 ml) and the methanolic
solution was treated with ethanolic sodium dicyanomethanide
(1 mmole). After 1 hr of reaction, methanol was completely
removed under reduced pressure. The residue was extracted
with 5 ml of dichlororaethane. All attempts to isolate a
solid compound from the solution proved to be futile and
only an orange oil was obtained instead. Although this
oily product was not analyzed, an infrared spectrum of the
— 1substance in the region 2400 to 2000 cm showed two medium 
intensity bands at 2203 and 2126 cm"’1. The high field 
proton magnetic resonance spectrum showed a triplet of 
doublets at 22.8 'T, This pattern can be attributed to a 
hydrogen directly bonded to platinum.
4. With Pt(py)2Cl2.
The complex Pt(py)2Cl2 (0.84 g, 0,2 mmole) was 
suspended in 20 ml of methanol and 1 mmole of sodium 
dicyanomethanide in ethanol was added to the suspension.
The reaction mixture was allowed to stand for 10 hr at room 
temperature. It was filtered and the residue on the filter
45
was found to be unreacted Pt(py)2Cl2. No solid could be 
isolated from the filtrate. Apparently there was no 
reaction between Pt(py)2Cl2 and sodium dicyanomethanide.
5. With Pt ( P P h ^
To a suspension of the complex Pt(PPh^)^ (0,1 g, 0.09 
mmole) in 20 ml of methanol was added sodium dicyano­
methanide (1 mmole) in ethanol. Even after 1 hr of re­
actions, there was no apparent dissolution of the complex 
nor any change of color. The solid was collected on a 
filter and the infrared spectrum showed it to be Pt(PPh^)^.
6. With K2PtCl^.
(a) Potassium tetrachloroplatinate (II), KgPtCl^ 
(0.164 g, 0.4 mmole) was dissolved in 5 ml of water and 
10 ml of methanol was added. The solution was mixed 
with an ethanolic solution of sodium dicyanomethanide 
(1.8 mmole) for 2.5 hr. Enough water was added to dis­
solve residual solid particles and then solid (C^H^)^AsCl 
was added until the solution turned turbid. It was 
allowed to settle and then filtered. The residue was 
washed with water and finally dried in vacuo.
Anal. Calculated for C^gH^0Cl^As2Pt» C, 52.22j H, 
3.62| N, 0.00. Found! C, 50.78| H, 3.48j N , 0.00.
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—  1The greyish-white solid absorbed at 1181 cm (m),
1160 cm-1 (m), 1074 cm”1 (m), 993 cm”1 (m), 739 cm”1 (s), 
684 cm"1 (s), 464 cm”1 (s), 341 cm"1 (m), and 300 cm"1 (m) 
in the Nujol mull spectrum. The band at 300 cm”1 is 
possibly due to A11 other bands arise from the
O
tetraphenyl arsonium moiety. The complex melts at 237 C 
with decomposition.
(b) Potassium tetrachloroplatinate (II), KgPtCl^
(0.207 g, 0.5 mmole) was dissolved in 25 ml of dimethyl 
sulfoxide. The solution was treated with an ethanolic 
solution of sodium dicyanomethanide (5 mmole). After 
1 hr aqueous tetraphenyl arsonium chloride was added 
until a white solid formed. The solid was collected on 
a filter, washed several times with water and finally dried 
in vacuo (0.21 g, 34% yield). The compound decomposes at 
225-30°C.
Anal. Calculated for C^gH^NgAsgFt * C, 58.965 H,
3.60; N, 9.17. Found* C, 58.62i H, 3.87? N, 8.6l.
The Nujol mull infrared spectrum of the complex
— 1 —1 showed absorptions at 2204 cm (m), 1075 cm (m),
994 cm"1 (m), 7^3 cm"1 (m), 682 cm"1 (m), 473 cm"1 (w),
452 cm"1 (w), and 343 cm"1 (w). The band at 2204 cm"1
can be assigned to 0 CW in the complex.
—4The molar conductance of a 4.99 x 10 M solution of
the complex in dimthyl sulfoxide was measured to be 
— 1
65 ohms
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In the proton magnetic resonance spectrum of the 
complex in d^-DMSO absorptions at 2.8 ppm and 7.8 ppm 
were observed. The resonance at 2.8 ppm is due to the 
dicyanomethyl protons and the one at 7.8 ppm is due to 
the phenyl protons. The was found to be 100 Hz.
The integrated peak areas were in the .ratio 11(phenyl)s 
1(dicyanomethyl).
B. Reaction of Malononitrile With cis-Pt- 
(C104)2(PPh3)2
The complex cis-PtC1^(PPh^)2 (0.237 g, 0.3 mmole) was 
dissolved in 40 ml of dichloromethane. The reaction flask 
was wrapped with aluminium foil to exclude light and 
nitrogen was passed through the solution for ten minutes.
A methanolic solution of silver perchlorate, AgClO^,
(0.124 g, 0,6 mmole in 5 ml methanol) was added under a 
nitrogen atmosphere. The mixture was stirred at ambient 
temperature for 1 hr. The silver chloride precipitate 
was removed by filtration to give presumably a solution 
of cis-Pt(C10^)2(PPh3)2. To this solution, malononitrile 
(0.04 g, 0.6 mmole) was added. After 0.5 hr of reaction,
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dichloromethane was removed under reduced pressure and to 
the residue 10 ml of methanol was added. The solution 
slowly turned turbid and was stored at -20°C for 10 hr.
A white solid was isolated by filtration, washed with 
methanol and dried In vacuo, (I). The filtrate was 
divided into two equal parts. Addition of solid NaBPh^ to 
one part immediately gave an off-white solid which was 
collected, washed with methanol and dried, (II). Addition 
of aqueous solution of ammonium hexafluorophosphate to the 
other part gave a white solid which was collected, washed 
with water and then dried, (III).
Anal. Calculated for C^H-^ClgOgNgPgPt * c , 47.63*
H, 3.15* N, 2.84* Cl, 7.22. Found* C, 49.68* H, 3.49*
N, 2.27* Cl, 8.46 for complex I.
Found* C, 65.22* H, 4,66* N, 1.70* Cl, 1.35* B, 1.77 
for complex II.
Found* C, 49.54* H, 3 .6 5 * N, 2.61* P, 8.29* F, 9 .10 
for complex III.
The infrared spectrum of I in Nujol mull included 
absorption bands at 2266 cm-* (m), 2220 cm-* (w), 1650 cm-* 
(m), 1606 cm-* (m), 1080 cm-* (s, broad). The molar 
conductance of the complex in dimethyl formamide was 
found to be 88 ohms-*.
The infrared spectrum of II in Nujol mull showed no
absorptions in the region 2500 to 2000 cm-* implying the
absence of CN group in the complex. The other bands in the
—1spectrum appeared at 1595 cm (m), 1090 cm (m,broad),
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741 cm"* (m), 691 cm” 1 (s)» 609 cm” 1 (m), and 514 cm” 1 
(s). The electrical resistance of a solution of the 
complex II (0.02345 g dissolved in 50 ml acetone) was 
measured to be 3050 ohms. The molar conductance was not 
determined as no definite molecular structure could be 
assigned to the complex.
The infrared spectrum of complex III in Nujol mull 
showed bands at 3338 cm” 1 (m), 1648 cm”* (w), 1598 cm-1 (m), 
1547 cm * (m), 1094 cm” 1 (s), 831 cm"*1 (vs), 741 cm” 1 (s), 
690 cm” 1 (s), 554 cm” 1 (s), and 524 cm” 1 (s). No definite 
molecular structure which would be consistent with both 
analytical and spectral data could be assigned to the 
complex. The electrical resistance of the complex (0.0261 
g dissolved in 50 ml methanol) was measured to be 2151 ohms.
Experimental Chemistry of Rhodium (I)
A. Reactions of Sodium Dicyanomethanide With 
Rhodium (I) Complexes
1. With trans-RhCl(CO)(PPh^Jg
(a) To a solution of trans-RhCl(CO)(PPh^Jg (0.2 g,
0.29 mmole) in benzene (30 ml) was added an ethanolic 
solution of sodium dicyanomethanide (containing 1 mmole 
of the salt). The reaction mixture became turbid 
immediately. After 0.5 hr the solution was filtered and 
the small amount of residue was discarded. The volume of 
the filtrate was reduced on a rotary evaporator to 10 ml
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and to it was added 30 ml of hexane. A bright yellow,
crystalline compound formed and was isolated by filtration.
It was washed free of benzene with hexane, methanol and
ether. After drying in vacuo (0.12 g, 58# yield), the
b
complex was found to decompose at 155 C. The complex
was further recrystallized from dichlororaethane/hexane.
Anal. Calculated for ^ONgPgRh* C, 66.6?; H,
4.33; N, 3.88; mol wt, 720. Found; C, 6 7 .11; H, 4.52;
N, 3.45; mol, wt, 718 (benzene).
In the Nujol mull infrared spectrum of the complex,
—  1two CN stretches were observed at 2190 cm (m) and 2118
— 1 —1 cm (vs). The carbonyl stretch appeared at 1972 cm as
a very strong band. In benzene solution a weak to medium
band at 1355 cm was also seen.
(b) The complex trans-RhCl(CO)(PPh^)2 (0.1 g, 0.14 
mmole) was suspended in 30 ml of methanol. The suspension 
was treated with an ethanolic solution of sodium dicyano­
methanide (2 mmole). The reaction mixture was stirred for 
1.5 hr to give an orange-yellow solution. The volume of 
the solution was reduced on a rotary evaporator to 5 ml
Q *
and then stored at -20 C for 24 hr. A fine yellow powder 
separated and was collected on a filter. The yield of the 
reaction was 38#, and the complex started to decompose at 
173°C.
Anal. Calculated for Cg^H^O^NgPRh; C, 55.18; H, 
4.63; N, 5 .3 6 . Found; C, 55.73* H, 4.74* N, 5 .2 7 .
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In the Nujol mull infrared spectrum the N-H stretch was 
— 1
observed at 3350 cm (m) and no CN stretch could be seen. 
However, there were other bands at 1544 and 1530 cm“* which 
suggest C*=N and C«C bonds in the complex. The carbonyl 
stretch was observed at 1940 cm“*.
The proton magnetic resonance spectrum in d-CHCl^ 
showed the presence of two methoxy (-OCH^) groups which 
absorbed as singlets at 3.16 and 3.76 8. Also two broad 
signals were seen at 4.5 and 6.55 8 which can be attributed 
to =NH protons in the complex. Phenyl protons appear as 
two multiplets at 7.7 and 7.3 8. A 1«2:1 triplet was also 
observed at 4.2 S with a J value of 3 Hz. The triplet 
was due to a single proton as deduced from the integration 
of peak areas.
2. With trans-RhCl(CO)(AsPh^)^
The complex trans-RhC1(CO)(AsPh^)^ (0.154 g, 0.2
mmole) was suspended in 30 ml of methanol. An ethanolic
solution containing 1.5 mmole of sodium dicyanomethanide
was added to the suspension. The solid started dissolving
and a clear solution was obtained within a few minutes.
On further mixing for 1 hr, a yellow solid separated out.
The solid was collected on a filter and further dried in
0
vacuo. It melts with decomposition at 105 C.
The Nujol mull infrared spectrum showed a broad band 
arround 1600 cm”1 with medium intensity. No absorptions
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due to or V q-_n could be observed. The other bands
— 1 —1 
in the spectrum were at 1065 cm (m), 731 cm (s), 690
cm” 1 (s), ^65 cm" 1 (s), and 310 cm" 1 (m).
Anal. Founds C , *H.58| H, 2.811 N, 0.26.
3. With RhCl(PPh3)3.
The complex RhCl(PPh3 )3 (0.277 g, 0.3 mmole) was 
dissolved in 50 ml of benzene. The solution was de­
oxygenated by passing nitrogen,for ten minutes in a 
continuous stream . Under a nitrogen atmosphere, an 
ethanolic solution of sodium dicyanomethanide (0.8 mmole) 
was added. The reaction mixture slowly turned yellow and 
turbid. After 2 hr the solid was collected on a filter and 
washed with methanol, water and ether. Finally the yellow 
solid was dried in vacuo (0.055 g, 26% yield). The
O
complex decomposes on heating at 155 C.
Anal. Calculated for C^H^NgPgRhs C, 67.65s H,
4.50| N, l*.Qb. Founds C, 67.651 H, 4.53» N, 3.78.
The Nujol mull infrared spectrum of the complex
showed CN stretches at 2206 cm" 1 (w) and 2150 cm" 1 (s and
1
broad). The other bands in the spectrum were at 1178 cm 
(w), 1133 cm"1 (w), 1086 cm"1 (s), 738 cm"1 (m), 691 cm"1 
(s), 538 cm"1 (s) and 521 cm"1 (s).
The complex could not be recrystallized as it was 
found to be unstable in solution. It dissolves in 
dichloromethane and the yellow solution becomes dark-
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orange immediately. No solid substance could be isolated 
from the orange solution.
k. With RhH(CO)(PPh3)3
The hydrido complex RhH(CO)(PPh3)3 (0,13 g, 0.14 
mmole) was suspended in 30 ml of methanol and an ethanolic 
solution of sodium dicyanomethanide (1 mmole) was added to 
it. After mixing for 13 hr at ambient temperature, most 
of the solid complex was found to remain unreacted.
In another experiment, RhH(CO)(PPh3)3 was allowed to 
react with malononitrile in dichloromethane. The hydride 
RhH(CO)(PPh3)3 (0.13 g» 0 .Ik mmole), dissolved in 25 ml of 
dichloromethane, was mixed with malononitrile (0.066 g, 1 
mmole dissolved in 1 ml methanol). After 1 hr dichloro­
methane was completely removed under reduced pressure and 
the residue was extracted with methanol (10 ml). A small 
quantity of yellow solid immediately separated and it 
was found to be unreacted RhH(CO)(PPh3)3* The remaining 
solution was stored at -20°C for several days and a white 
powder separated. It was collected on a filter, washed 
with water and methanol and finally dried in vacuo. The 
white compound is insoluble in common organic solvents 
and it decomposes at 290°C,
Anal. Calculated for C, 54.54* H, 3.03i
N, 42.42. Found* C, 5 2 . H, 2.72{ N, 41.88.
The infrared absorption bands in a Nujol mull
5^spectrum of the compound appear at 3^28 cm"1 (w), 3331 cm"1
(m), 3230 cm"1 (w), 2200 cm"1 (s), 1626 cm"1 (s)» 15^5 cm"1
*" 1 1(s), 1103 cm (w and broad), and 760 cm" (w).
From analytical data the compound appears to be a 
polymer of malononitrile. The mass spectrum of the com­
pound showed the parent peak at 198 m/e units which 
corresponds to a trimer of malononitrile. The other 
masses (m/e) appeared at 181, 170, 1 5 9, 157» 1^* 133,
118, 10^, 101, 99» 90, 7 8 , 6 7 , and 65 in the spectrum.
B. Attempted Reaction of Cyanoketeniminato(carbonyl)- 
bis-triphenylphosphine Rhodium (I), Rh- 
[N=C=C(CN)Hj(C0)(PPhj)2 With Fumaronitrile.
The complex Rh£N=C=C(CN)H] (CO) ( P P h ^  (0.2 g, 0.27 
mmole), was dissolved in benzene (20 ml) and fumaroni­
trile (0.08 g, 0.1 mmole) was added to the yellow solution. 
The reaction was carried out for 0.5 hr at ambient temp­
erature. Benzene was completely removed under reduced 
pressure and the residue was extracted with 5 ml of 
methanol. On keeping the extract chilled at -20°C for two 
days, a yellow solid separated. It was isolated and 
found to be the unreacted Rh£N=C=C(CN)Hl(CO)(PPh^)2. There 
was also no reaction between tetracyanoethylene and the 
rhodium cyanoketeniminato-complex.
C. Reaction of trans-Rh(ClO^)(CO)(PPh^)2 with
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malononitrile
The rhodium complex trans-RhCl(CO)(PPh^)2 (0.207 g,
0.31 mmole) was dissolved in 40 ml of benzene. The flask 
was wrapped around with aluminium foil to exclude light 
and to the solution silver perchlorate (0.061 g, 0.3 
mmole) was added under nitrogen. After 1 hr of constant 
stirring the contents were filtered. The filtrate, which 
was a benzene solution of trans-Rh(ClO^)(CO)(PPh^)2 » was 
transferred to another flask and to it was added malono­
nitrile (0.052 g, 0.8 mmole). After 0.5 br the benzene 
was removed under reduced pressure and the residual mass 
was extracted with 10 ml of methanol. On keeping chilled 
at -20°C for k8 hr the solution gave small quantity of a 
yellow solid. It was isolated and dried, (IV).
The remaining solution was divided into two equal 
parts. Addition of solid NaBPh^ to one part gave a 
yellow complex which was collected on a filter and dried, 
(V).
To the remaining part, aqueous ammonium hexafluoro- 
phosphate was slowly added until a yellow solid formed.
It was isolated, washed free of ammonium salts with water 
and finally dried, (VI).
Anal. Calculated for C^H^ClO^NgP^Rhg* C, 62,67»
H, ^.16} N, 1.89. Found* C, 6l.0*fj H, 3.9 6 s N» 1.83 for 
complex IV.
Calculated for cioiH81B02N2*V*h2 l G » 71.56< H, 4.80j
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N, 1.6 5 . Found * C, 69.02| H, 4.54? N, 1.92 for the 
complex V.
Calculated for C ^ i F6° 2N2P5Rh2 * G » 80 * H » ^.0 3 i 
N, 1.84? P, 10.17? F, 7.49 . Found? C, 60.07* H, 4.03» N, 
1.92? P, 9.95? F, 7.73 for the complex VI.
The complexes (IV, V, and VI) are yellow and stable 
in air for a long period of time. They could not be re­
crystallized from solutions and orange oils were obtained 
instead. On heating, they melted with decomposition (IV 
at 148°C, V at 108°C and VI at 168°C). These complexes 
are highly soluble in methanol, acetone, dichloromethane 
and moderately soluble in benzene.
The infrared spectrum of IV in Nujol mull showed
-•1 — 1 
absorption bands at 2153 cm (m and shoulder), 2120 cm
(m and very broad), 1965 cm”* (s), 1080 cm” 1 (s and broad),
747 cm” 1 (m), 687 cm” 1 (s), 578 cm" 1 (m), and 512 cm” 1 (s).
The two bands at 2153 and 2120 cm” 1 may be assigned to
^CN* T*ie m0^ar conductance of IV (0.5 x 10”*^ M solution
in methanol) was measured to be 90 ohms”1.
The infrared spectrum of V (Nujol mull) showed
—  1
absorption bands at 2120 cm (m and very broad), 1975 cm 
(s), 1090 cm”1 (m), 740 cm”1 (m), 690 cm”1 (s), 572 cm”1 
(w), 512 cm”1 (s).
The infrared spectrum of VI (Nujol mull) showed
— 1 —1 absorption bands at 2157 cm (m and shoulder), 2120 cm
(s and broad), 1983 cm”1 (vs), 1155 cm"1 (w), 1090 cm”1
(s), 835 cm”1 (vs), 742 cm”1 (m), 690 cm”1 (s), and
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512 cm"* (s). The molar conductance of VI (1.42 x 10“^ M
<j
solution in methanol) was measured to be 103 ohms .
Experimental Chemistry of Iridium (I)
A. Reactions of Sodium Dicyanomethanide With 
Iridium(I) Complexes
1. with trans-IrCl(CO)(PPh^)2 »
(a) A solution of trans-IrCl(CO)(PPh^)^ (0.2 g,
0.25 mmole) in benzene (30 ml) was treated with an ethanolic
solution of sodium dicyanomethanide (containing 1 mmole of
the salt). The bright yellow solution became turbid
immediately. After 0.5 hr the contents were filtered and
the small amount of residue was discarded. The volume of
the solution was reduced to 10 ml on a rotary evaporator
and 30 ml of hexane was added. On standing for several
hours a bright yellow crystalline solid separated out.
It was collected on a filter, washed with hexane and
methanol and finally dried in vacuo (0.12 g, 60% yield).
The yellow complex was recrystallized from benzene/hexane.
. o
On heating it decomposes to a red mass at 165 C.
Anal. Calculated for C^H^jONgPglr* C, 59«32j H,
3.85i N, 3.45i mol wt , 810. FoundJ C, 59.11j H, 3.93i 
N, 3.04* mol wt , 836 (benzene).
The Nujol mull infrared spectrum showed absorption
-.1 —1 —1 
bands at 2195 cm (m), 2118 cm (vs and broad), 1968 cm
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(vs) in the region from 2*400 to 1500 cm”1. The first two 
bands are due to \>CN and (assymetric) respectively.
The symmetric '^ N_c=c was observed at 1355 cm”1 (m) in 
benzene solution spectrum. The strong band at 1968 cm”1 
may be assigned to the carbonyl stretch (^q q ) in the 
complex.
The non-ionic nature of the complex was established 
from its electrolytic conductance (9 ohms"1) in dimethyl 
formamide solution (3.0 x 10”^ M).
(b) An ethanolic solution of sodium dicyanomethanide 
(1 mmole) was added to a suspension of trans-IrCl(CO)(PPh^)2 
(0.2 g, 0.25 mmole) in 30 ml of methanol. The mixture was
o
stirred at 60 C for 1 hr and a yellow solution was obtained. 
The volume of the solution was reduced to 5 ml on a rotary 
evaporator and stored at -20°C for several days, A fine 
yellow powder was obtained, which was collected and dried 
after washing with water and methanol (0.06 g, *40% yield).
O
The complex decomposes on heating at 178 G.
Anal. Calculated for C^H^O^NgPIr: C, 4-7.131 H,
3.94-; N, 4-.57? P* 5.05» mol w t . , 611. Found* C, 4-7.24-j 
H, 3.96; N, 4-.54-j P, 5.28; mol wt , 680 (benzene).
The infrared spectrum of the complex in Nujol mull 
indicated presence of N-H, C=N and C=C bonds and absence 
of any CSN bond. The N-H stretch was observed at 3357 cm”1 
(m),"»)c=N at 1593 cm"1 (s), 'iJq -q at 154-8 cm"1 (s). Also 
the carbonyl stretch was seen at 194-4- cm"1. The other
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— 1 1bands in the spectrum were at 1218 cm (m), 1196 cm
(s), 1178 cm” 1 (m), 1150 cm" 1 (s), 1092 cm" 1 (s), 1042 cm" 1
(s), 994 cm" 1 (w), 744 cm" 1 (s)» 691 cm" 1 (s), 622 cm" 1
(m), 512 cm" 1 (s).
The proton magnetic resonance spectrum of the complex 
in d-CHCl^ showed absorptions due to N-H protons at 3.8 
and 5.25S . The two methoxy (-OCH^) groups absorbed as 
singlets at 3.16 and 3.718 . Phenyl protons were observed 
as two multiplets centered at 7.4 and 7.758 . A triplet 
(1*2si) with a J value of 3 Hz appeared at 4.35 8 .
B. Reactions of Cyanoketeniminato(carbonyl)bis- 
triphenylphosphine Iridium (I)
1. With Tetracyanoethylene
A solution of trans-IrfN»C=C(C N) H*i (CO) (PPh^)g (0.2 g, 
0.24 mmole) in 30 ml of benzene was treated with tetra­
cyanoethylene (0.12 g, 1 mmole). The solution became 
orange. After 0.5 hr benzene was completely removed 
under reduced pressure and the residue was extracted with 
10 ml of methanol. The solution was stored at -20°C for 
two days and the yellow solid was collected by filtration. 
The yield of the reaction was calculated to be 30%.
Anal. Calculated for C^gH^ON^Pglr s C, 58.90j 
H, 3.33* N f 8.90. Founds C, 58.51* H, 3.-17 * N, 8.-92'.
In the Nujol mull infrared spectrum of the complex 
three bands due to were observed at 2220 cm" 1 (m),
60
2195 cm"1 (m), and 2135 cm"1 (s). The later strong band 
at 2135 cm"1 is possibly due to >^N!=CsgC (assymetric). The 
\)co was observed at 2076 cm (s). The complex is highly 
soluble in halogenated hydrocarbons and benzene.
2. With Fumaronitrile
Fumaronitrile (0.1 g, 1.28 mmole) was added to a 
solution of trans-IrTN=G=G(CN)Hi(CO)(PPh^)^ (0.15 g,
0.18 mmole) in 30 ml of benzene. The color of the solution 
changed from yellow to orange. After 0.5 hr benzene was 
completely removed under reduced pressure and the residue 
was extracted with 10 ml of methanol. On keeping the 
mixture stored at -20°C for several days a pale yellow 
solid separated out. It was collected on a filter, washed 
with methanol and dried _in vacuo (0.09 g# 57% yield). The
O
complex was found to decompose at 155 C. The complex was 
recrystallized from dichloromethane/hexane.
Anal. Calculated for C^^H^^ON^P^Iri C, 59.52s H,
3.7k; N, 6.30; *ol wt , 888. Found« C, 59.15s H, 3.75i 
N, 6.51s mol wt , 613 (benzene).
In the infrared spectrum (Nujol mull) of the complex 
three CN stretches were observed at 2220 cm"1 (m), 2201 cm"1 
(m), and 21^8 cm"1 (s). The carbonyl stretch (Oq q ) was seen 
at 20^2 cm"1 (s).
3. With Diphenylacetylene
Diphenylacetylene {0 .0k g, 0.22 mmole) was mixed with
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a solution of trans-Ir[N=C=C(GN)H)(CO)(PPh^)2 (0 .1 g,
0.12 mmole) in 20 ml of benzene. After 0.5 hr the volume 
of the solution was reduced to 5 ml and was treated with 
20 ml of hexane. On standing a yellow product separated 
out. It was isolated and identified to be the unreacted 
traris-Ir[N=C=C(CN)H3 (CO) (PPh3)2.
4. With Dimethylacetylene Dicarboxylate
Dimethylacetylene dicarboxylate (0.1 g, 0.70 mmole) 
and the complex trans-IrfN=C=C(CN)Hi(CO)(PPh^)~ (0.1 g,
0.12 mmole) were dissolved together in 25 ml of benzene.
After 0.5 hr benzene was completely removed under reduced 
pressure and the residue was extracted with 2 ml of methanol. 
All attempts to get a pure solid product from this methanolic 
solution were unsuccesful and instead an oily substance was 
isolated. The oil was not analyzed. The infrared 
spectrum of the oil showed absorption bands at 2203 cm”1 
(m), 2161 cm”1 (m)f 2013 cm"1 (s), l?2k cm”1 (s), and 
1688 cm”1 (s).
5. With Dilute Hydrochloric Acid
Dilute hydrochloric acid was added dropwise to a 
benzene solution of trans-IrfN=C=C (CN) h | (CO) (PPh^) ~
(0.1 g, 0.12 mmole). The solution became colorless and a 
white solid formed. It was collected on a filter and 
washed several times with methanol to remove any adsorbed
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acid. The white complex was identified to he IrHCl2(C0)
(PPh^)g from analytical and infrared spectral data.
Anal. Calculated for C^H^ClgOPglr8 c » 5**.^1; H, 
3.82} N , 0.00. Founds C, 53.85i H,3.84j N, 0.00.
In a Nujol mull infrared spectrum of the complex the
Ir-H stretch and the carbonyl stretch (^co) were
1 — 1 
observed at 22h0 cm (m) and 2030 cm (m) respectively.
6. With Molecular Oxygen
Gaseous oxygen was passed through a benzene solution 
of the complex trans-IrtN=C=C(CN)H[] (CO) (PPh^)2 (0.1 g,
0.12 mmole) for 1 hr. Neither the color of the solution 
changed nor any solid separated out. The solution infrared 
spectrum of the reaction mixture indicated that there was 
no reaction.
7. With Lithium Bromide
Lithium bromide, LiBr (0.087 g, 1 mmole) was dis­
solved in 5 ml of methanol and added to a solution of 
trans-IrfN=C=C(CN)Hi(CO)(PPh^)c (0.1 g, 0.12 mmole) in 
30 ml of benzene. After 0.5 hr methanol (35 ml) was 
added to the system and immediately a yellow solid formed. 
It was collected on a filter and washed with methanol 
several times. From infrared spectrum of the complex it 
was identified to be trans-IrBr(CO)(PPh^)^.
C. Reaction of trans-Ir(ClO^)(CO)(PPh^)2 With
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Malononitrile
The complex trans-IrCl(CO)(PPh^)2 (0.234 g, 0.3 
mmole) was dissolved in 40 ml of benzene. The flask was 
wrapped with aluminium foil to exclude light and a nitrogen 
atmosphere was maintained. To the solution silver per­
chlorate (0.06 g, 0.3 mmole) was added. After 1 hr the 
contents were filtered and the silver chloride was dis­
carded. To the benzene solution of trans-Ir(ClQ^) (CO) 
(PPh^)2 malononitrile (0.04 g, 0.6 mmole) was added and 
the reaction was carried out for 0.5 hr. Benzene was 
completely removed and the residue was extracted with 5 ml 
of dichloromethane. A portion of it (1 ml) was taken out 
and ether was added till cloudy. On standing a yellow 
solid separated out. It was isolated, washed with ether 
and dried in vacuo. (VII).
Dichloromethane was removed from the remaining 
solution under reduced pressure and the residue was re­
extracted with 10 ml of methanol. The methanolic solution 
was divided into three parts. To one part solid NaBPh^ 
was added until a yellow solid formed. It was collected 
on filter and dried, (VIII). To another part aqueous 
ammonium hexafluorophosphate was added until a yellow 
solid separated out. It was isolated and dried, (IX).
To the remaining part aqueous ammonium tetrafluoroborate 
was added to give a yellow product. It was collected on 
a filter and dried, (X).
6tf
Anal. Calculated for C^H^ClO^NgPglr« C, 52.79s H f
3.53i N, 3.07. Founds C, 50.30» H, 3.57* N, 3.06 for
complex, VII.
Calculated for C^QjHg^OgNgP^Irgs C, 6k. ?kt H,
if-.351 N, 1.^9. Foundi C , 6k.66j H, k.kOt N, 2.29 for the
complex, VIII.
Calculated for C^gH^F^ONgP^Irs C, 50.26} H, 3,36}
N, 2.93. Founds C, 51,^8} H, 3.59s N, 3.k2 for complex,
IX.
Calculated for C^H^F^BONgPglri C, 53.53s H, 3.58s 
N, 3.12. Founds C, 53.08} H, 3.56} N, 2.3k for complex,
X.
The infrared spectrum (Nujol mull) of VII showed
— 1 — 1 — 1
bands at 2120 cm (m, broad), 1965 cm (s), 1605 cm
(w), 1539 cm""1 (w), 1070 cm”3- (s, broad), 739 cm”1 (m),
681 cm”1 (s), and 500 cm”1 (s).
In the Nujol mull infrared spectrum of VIII, bands
at 2123 cm”1 (m, broad), 1975 cm”1 (s), 1090 cm"1 (m),
1 1 *1  
738 cm (m), 690 cm" (s), 511 cm (s) were observed.
The molar conductance of l.k x 10”^ M solution of the
_ 1
complex in acetone was measured as 135 ohms
In the Nujol mull infrared spectrum of IX, absorption
bands at 2125 cm”1 (m, broad), 1975 cm”1 (s), 1550 cm”1
(w, broad), 1092 cm”1 (m), 830 cm”1 (s), 692 cm”1 (m),
— I —I553 cm (m), and 510 cm (m) were observed. The molar
-kconductance of 3.12 x 10 M solution of the complex in 
methanol was measured as 67 ohms”1.
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The Nujol mull infrared spectrum of X showed ab-
-1 —1 sorption bands at 2120 cm (m, broad), 1973 cm (s),
1092 cm”’1 (m), 1060 cm”1 (m, broad), 739 cm”1 (m), 691 cm”1
1
(s), and 510 cm” (s). The molar conductance of a ^.28x
_k
10 M solution of the complex in acetone was determined 
as 83 ohms”1.
CHAPTER III 
RESULTS AND DISCUSSION
a . Results of Sodium Dicyanomethanide Reactions
A number of new complexes have been prepared from 
the reaction of sodium dicyanomethanide with some 
iridium (I), rhodium (I), palladium (II) and platinum (II) 
substrates. The compounds are stable to air in the solid 
state, and they range in color from white to various 
shades of yellow. However, the complexes are not very 
stable in solution for a long period of time and this 
posed a serious problem to the recrystallization experi­
ments .
Two different modes of bonding of the dicyanomethanide 
anion were observed, one for Pd(II) and Pt(II) complexes, 
and the other for Ir(I) and Rh(I) complexes. One or more 
monodentate ligands in palladium(II) and platinum(II) 
substrates were displaced by the dicyanomethanide ion to 
give dicyanomethyl complexes. In a few cases cyano- 
complexes were obtained instead of dicyanomethyl complexes.
Iridium(I) and rhodium(I) reactions with sodium 
dicyanomethanide were found to vary with the nature of the 
solvent. Cyanoketeniminato-complexes were obtained in a 
nonpolar aprotic solvent, whereas iminoether complexes 
were isolated in a polar protic solvent, A cyano-complex 
of iridium(I) or rhodium(I) was not isolated in any of the 
reactions reported herein. The complexes which have been 
prepared, and some of their properties, are shown in Table II.
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TABLE II
Properties of the New Complexes Derived From Dicyanomethanide Anion
Compound Color Mp°C
dec
Selected Infrared Bandsa,b 
■>>C0 1>CN 0ther
[(c6H5)i+As]2[Pd(C3HN2)i)]
Pd(py)2(C3HK2)2
•Pd(phen)Cl(C,HN2)
Pd(phen)(C^HN2)2
Pd(bipy)Cl(C3HN2)
Pd(bipy)(CN).
[Pd (dien) CN] Br • CH^OH
Pt(C3HN2)Cl(PPh3)2
Pt(C3HN2)2(PPh3)2
white
white
yellow
yellow
yellow
orange- 
red
pale
yellow
white
yellow
170
175
250
215
210
>300
[?d(bipy)(NH3)CllPF6 yellow 220
206
240
205
2200
2212
2210
2212
2212
2145
2147
)^CaN, 1600 
^ Pd-Cl* ^40
i)c=n* 1600
^Pd-Cl*
1600
V N H » 3340, 3273?
'Jo=N* 833 <
vPd-Cl’ 342
2220 "^ Pt—Cl* ^ ^
2192,
2176
Table II- Continued
PtH(C^HN2)(PPh^)2 cream 150
D o 6H3) ^ ] 2 Jh(C3HM2) J  «»ite 225-
[(C6H5)1|As]2 [PtclJ  grey 237
Rh[T.-C=C(CN)H](CO)(PPh3)2 yellow 155
Rh IjiNC (OCH^) CHC (OCH^) NH] yellow 173
(CO)(PPh3)
Rh[n=C=C(C N) R0 (PPh3)g yellow 155
Ir0'i=C=C(CN)H](CO)(PPh3)2 yellow 165
IrQ*NC(OCH3)CHC(OCH3)NH] yellow 178
(CO)(PPh3)
Ir[N=C=C(CN)H3(CO)(PPho)? yellow 180-
. Tgne 190
Ir[N=C=C(CN)H](C0)(PPh3)2 pale 155
. fumiv yellow
2208
2204-
j j  1 2126
1972 2118,
2190
194-0
2206,
2150
1968 2195, 
2118
1944
2076 2220, 
2195, 
2135
204-2 2220,
2201, 
2lk8
(sym), 1355
Mv-H ' 3350} i-£j=jyj» 154-4-s 
% = c ’ 1530
HteC=C (sy®)i 1355c 
U,^H , 3357 i ^C=N, 1593. 
^C=C • *54-8
On
00
Table II- Continued 
IrHCl2 (C0)(PPh3)2 white
a. in the Nujol mull spectra
b. band positions are given in cm-1
c. In benzene solution spectra
205-
210
2030 Ir-H* 22*K)
Os
so
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B. Discussion of the Reactions of Dicyanomethanide
New complexes derived from the reactions of noble 
metal substrates and sodium dicyanomethanide have been 
prepared and characterized in which three different 
bonding modes of the dicyanomethanide moiety have been 
observed. Thus, complexes containing a) M-C bonds, i.e. 
dicyanomethyl complexes, b) M-N bonds, i.e. cyanoketen- 
iminato-complexes, and c) M-NH=C(0fi)- bonds, i.e. 
iminoether complexes, have been synthesized. In add­
ition, cyano-complexes were observed as products in some 
of the reactions, and these presumably resulted from 
degradation of the dicyanomethanide anion during the course 
of the reaction or from degradation of an initially formed 
dicyanomethanide complex.
The dicyanomethanide anion is known to be very
reactive. Various organic reactions have been summarized 
71by Freeman.' In reactions of the dicyanomethanide anion 
with metal complexes, as reported herein, only nucleo- 
philic substitution reactions have been noted. The type of 
product obtained depends on the nature of the substrate and 
reaction conditions such as temperature, solvent, and 
reagent proportions. Noble metal complexes are well known 
to catalyze reactions of organic moieties. In this work, 
however, metal-catalyzed reactions of the dicyanomethanide 
anion have not been observed.
This discussion will be divided into three sections 
based on the structural characteristics of the various 
products.
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1. Dicyanomethyl complexes
There are. only a few examples of dicyanomethyl-com­
plexes in literature. In 1971 several cobalt complexes 
containing dicyanomethyl ligand were prepared by reaction 
of malononitrile with a variety of cobalt(III) compounds 
of planar quadridentate dianion Schiff-base ligands. The 
structure of one of these was determined by X-ray diff­
raction. ^  The existence of a metal-carbon bond was deduced 
from the X«ray data. The carbon-nitrogen stretching 
frequency in these dicyanomethyl-complexes appears
at pa, 2200 cm"1, and these cobalt complexes gave cyano- 
complexes on heating in pyridine.
King et al. prepared a dicyanomethy1-complex from 
the reaction of NaFe(COjgC^H^ with monobromomalononitrile. 
The hydrogen of the dicyanomethyl group in this complex 
appears as a singlet at 2.37 5 in the proton NMR spectrum,
A structure which is consistent with the infrared and NMR 
data is shown in Fig. 7.
In this work, palladium and platinum compounds reacted 
with sodium dicyanomethanide to form new compounds which are 
formulated as dicyanomethyl-complexes. These new complexes
_ i
show medium to strong absorptions at ca. 2200 cm in their 
infrared spectra and in the NMR spectra they absorb from 
2 to 3 ppm.
An interesting complex containing the dicyanomethyl
isolated as a white compound with tetraphenylarsonium
ligand is the anionic complex. This was
FIGURE 7 
Proposed Structure of 
C5H5Fe(CO)2(C3HN2)
72A
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chloride. It is worthwhile to note here that the analogous 
anionic dicyanomethyl-complexes of iridium, rhodium, and 
nickel could not be synthesized. From the reaction of 
sodium dicyanomethanide with KgPtCl^ in dimethyl sulfoxide 
a white compound was isolated whose infrared and NMR 
spectra suggest the formulation [<c 6h 5 ) 2 |>t ( c 3h n2 ) J  .
This formulation is also consistent with the analytical 
data (C, H, N analysis). In dimethyl sulfoxide the 
complex behaves as an electrolyte. The carbon-nitrogen 
stretching frequency in the complex t?d(C^ is
very strong whereas >>CN bands are usually of weak to 
medium intensity in nitrile complexes. The increase 
in intensity is possibly due to the presence of eight 
cyano-groups in the complex.
The anionic fPdCcyiNg)^2” complex has been synthe­
sized from Na2PdCl^, Pd(py)2Cl2 , Pd(PhCN)2Cl2 and 
Pd(AsPh^)2Cl2 by substitution reactions. These complexes 
possess only monodentate ligands of stronger ^ -bonding 
and weaker it-bonding capacity. The dicyanomethanide 
anion displaced chloride, pyridine, triphenylarsine and 
benzonitrile from their palladium complexes but did not 
displace the bidentate ligands like 2,2'-bipyridyl and 
1,10-phenanthroline. Chelates usually are more stable and 
less susceptible to substitution by nucleophiles than 
are monodentate ligands. Also, the triphenylphosphine 
ligand could not be substituted under normal conditions
7k
by dicyanomethyl group from the complex Pd(PPh^)2Cl2. 
Although we have not been successful in characterizing the 
products of the reaction between Pd(PPh^)2Cl2 and sodium 
dicyanomethanide, the expected CPd(C^HN2) ^ ^ ” was not 
formed because of the resistance of triphenylphosphine 
to substitution. However, triphenylarsine was readily 
substituted by the dicyanomethyl group. This difference 
in behavior indicates that the Pd-P bonds are possibly 
stronger than Pd-As bonds. The greater strength of Pd-P 
bond arises from the TT-bond that is formed between filled 
metal 'd* and empty phosphorus *d* orbitals. It is assumed 
that energywise phosphorus 'd* orbitals are more suited for 
effective overlap with metal *d* orbitals than the arsenic 
3d* orbitals. Such difference in behavior of phosphines
QO
and arsines was also noted by Chatt et. al. J
Solid sodium dicyanomethanide may be prepared by 
adding dichloromethane to an ethanolic solution of the 
salt (6.6 g malononitrile and 2.3 g sodium dissolved in 
100 ml of absolute ethanol). The solid is extremely 
sensitive to moisture. An infrared spectrum of the solid 
in Nujol mull suggests that the anion is present in the 
form of the cyanoketenimine resonance form. A very strong 
and broad absorption band at ga. 2120 cm*"* was observed. 
Therefore it is not possible to compare the nature of the 
dicyanomethyl group in the complexes to that in sodium 
dicyanomethanide. However, malononitrile is structurally 
close to a dicyanomethyl-complex as the later may be derived
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from the nitrile by replacing one hydrogen with a metal 
atom. Malononitrile absorbs at ga. 2260 cm”* in the infrared 
and the dicyanomethyl-complexes absorb at ca. 2200 cm"1.
The decrease in suggests that the carbon-nitrogen bond- 
strength has been reduced in the dicyanomethyl-complexes 
relative to malononitrile. This could happen in either of 
two ways. Flow of the CN bonding electrons to the metal 
will reduce the CN bond-order and bond strength. On the 
other hand, flow of metal ®d® electrons to the anti­
bonding it *  orbitals of CN groups will also reduce the CN 
bond-order. However, as there is no 'p' orbital left on 
the methine carbon, a direct flow of metal *d' electrons 
to the CN moiety is not possible. As the metal *d' orbitals 
are extended into the space, it can be assumed that they 
are capable of interacting with the itt*  orbitals of the 
CN groups in space,
A strong M-C tf’-bond also explains the reduction of CN 
bond strength in dicyanomethyl-complexes. Our initial 
assumption that the C(CN)gH" moiety might behave as a 
hydroxide ligand is consistent with a strong M-C «--bond.
Square planar complexes may show geometrical isomerism. 
We have not isolated any geometrical isomeric pair of 
dicyanomethyl-complexes. The stereochemistry of di­
cyanomethyl -complexes was assigned from the infrared 
spectra. The method is useful only when the complex also 
had two triphenylphosphine groups as auxiliary ligands.
The technique has been developed and successfully used by
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84 -1Mastin. He noted that an infrared band at 550+5 cm (the
first overtone of the asymmetric PC^ deformation mode) is 
of variable intensity depending on the stereochemical 
arrangement of the triphenylphosphine groups. For cis- 
arrangements, this band is very intense whereas it is weak 
trans - arrangements. Mastin has shown that the 
technique works very well with a number of bis - triphenyl­
phosphine complexes of transition metals. In Table III, 
the CN stretching frequencies and the relative intensities 
of the bands at 550+5 cm""* of dicyanomethyl-complexes are 
given. In other square planar complexes in which bidentate 
ligands like 2,2*-bipyridyl were present, the stereo­
chemistry was simple to envision as bidentate ligands 
only occupy cis positions for steric reasons.
Using the method of Mastin, a cis - configuration for 
PtCPPh^JgCC^HNgJg is favored. Substitution of cis - 
PtCl^PPh^Jg with dicyanomethanide anion should initially 
produce only cis - Pt(PPh-j)2(C^HN2)2. The transformation 
of a cis complex to its trans isomer is known. However, 
this transformation for Pt(II) complexes is slow with­
out the use .of a catalyst.®-* .
In square planar complexes, some ligands labilize 
the trans metal-to-ligand bond. This effect is generally 
known as trans effect. The trans effect of the di­
cyanomethyl group in Pt(II) complexes is found to be quite
80
high. Chatt and Shaw noted that in hydrido-platinum 
complexes, the ligand trans to the hydride exerts great
TABLE III
The Cyanide Stretches and the Intensity of the Bands 
at 550 +5 cm”-*- in Dicyanomethyl-Complexes
Complex VCN
Band at 
550+5 cm 1 %-Cl
cis-PtCl(C3HN2)(PPh3)2 2220 cm”1 (m) strong 301 cm"1 (w)
cis-Pt(C3HN2)2 (PPh3)2 2192 cm”1 (m), 2176 cm”1 (m) strong
trans-PtH(C3HN0) (PPh3)„ 2208 cm”1 (m) weak
Pd (bipy)Cl(C3HN2) 2212 cm”1 (m) 342 cm"1 (oi)
Pd(py)2 (C3HN2)2 2212 cm”1 (m)
Pd (phen)Cl (C3HN2) 2212 cm”1 (m) 340 cm”1 (w)
Pd(phen) (C3HN2)2 2210 cm” (m)
-1 .
[ (CfiH,-) .As] 2 [Pd(C.HN,)J 2200 cm (vs)
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influence on the Pt-H stretching frequency (i)pt-jj). With 
ligands high in trans effect series, the Pt-H stretching 
frequency decreases in line with the fact that the Pt-H 
bond strength decreases. Also the proton magnetic 
resonance field of the hydridic proton varies with the 
trans ligands. The resonance moves to a lower field as a 
ligand with high trans effect replaces one with lower trans 
directing property.
The hydridic hydrogen in trans-PtH(C^HN^)(PPh^)^
absorbs at 20.8 >  . In Table IV, the frequencies
and proton magnetic resonance absorptions. of hydridic protons 
in several square planar hydrido-complexes of Ptfll) are 
given. From the information in Table IV, it is apparent 
that the dicyanomethyl ligand exerts a high trans effect 
and it is comparable to iodine in this respect. Iodine 
is a soft ligand and like other soft ligands such as CH^“ ,
H” it also probably, exhibits a high d'-trans effect.
As has already been noted before, the M-C bond in 
a dicyanomethyl-complex is mostly of ©"-character and 
possibly it behaves as a soft ligand such as CH^“. There­
fore the high trans effect of dicyanomethyl ligand can be 
attributed to be due to a ©■-trans effect. The high field 
proton magnetic resonance spectrum of trans-PtH(C^HN^)- 
(PPh^)2 is shown in Figure 8.
In the energy region from 2000 cm"1 to 2300 cm”1, two 
infrared absorption bands were observed for the complex 
trans-PtH(C^HN2)(PPh^)2, as shown in the Figure 9.
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TABLE IV
The Pt-H Stretching Frequencies and 'YValues 
of Pt-H Absorptions in NMR for Complexes of the Type 
trans - PtHX(PEt3)2
X ^(Pt-H)^cm ^ T(Pt-H)
CN 2041 17.8
SnCl3 2105 19.2
I 2156 22,6
c 3h n2 2126 22.8
Br 2178 25.5
Cl 2183 26.8
N=C=C(CN)2 27.6
NCO 2229 27.7
n o3 224 2 33.6
JFIGURE 8
High Field Proton Magnetic Resonance Spectrum of 
trans-PtH(C^HN^)(PPh^)^ at 100 MHz
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FIGURE 9
Selected Infrared Absorptions of 
trans-PtH(C3HN2)(PPh3)2 (Nujol Mull)
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— 1 1 These bands appear at 2208 cm and 2126 cm and both are
of medium intensity. The band at 2208 cm”* can be assigned
to either or If we assign this band to *
—  1then the other band at 2126 cm will be due to i>CN< The
CN stretching frequency in cyano-complexes usually occurs
— 1 —1 between 2100 cm to 2150 c m .  But the complex trans-
PtH(CK) (PPh^)2 is known and in the complex appears
1 P,fi
at 2062 cm” . Therefore a cyano-formulation can be 
ruled out.
The band at 2126 cm may also arise from an asymmet­
ric 'N=C=C * stretch usually observed for keteniminato-com­
plexes. However, these bands are of very high intensity. 
Also the cyanoketeniminato-complexes are often bright 
yellow in color. The color of the complex and the infra­
red spectrum are thus consistent with a dicyanomethyl
H
formulation. The band at 2126 cm is assigned to ^ p ^ n  
and the other band observed at 2208 cm-1 must be due to 
the GEN bond stretch .
L
I
H pt.
I
L
I II
Both dicyanomethyl-and cyanoketeniminato-formulations 
of trans-PtH(G^HN^) (where L=PPh^) are shown above as 
I and II respectively. The high field proton magnetic 
resonance spectrum of the complex shows a 1i2 j1 triplet
/
GN
•CN H- Pt- =0= /
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centered at 20.8 >  with a coupling constant of 15 Hz 
(Figure 8). The splitting is due to the two nuclei 
which are cis to the hydridic proton. The splitting 
constant for a trans-arrangement of the two triphenyl- 
phosphine groups would be expected to be much higher i.e.
75-160 Hz. ^  Each member of this triplet is further split 
into a doublet with a coupling constant of 3 Hz, i.e.
Jr h=3 Hz . This splitting presumably is due to the 
hydrogen on dicyanomethyl group in I.
The complex, 0?d(dien)Br]Br reacted with sodium di- 
cyanomethanide and formed a cyano-complex, EPd(dien)Cr{)Br. 
Alkyl-substituted Mien* complexes of palladium such as 
LPd(Et^dien)CllPFg failed to react with sodium dicyano-
QO
methanide. Baddley and Basolo observed a similar re­
tardation in reactivity of the complex, CPd(Et^dien)ClJ+ , 
and they attributed this resistance to the steric shielding 
of Pd(II) by the substituted ethyl groups.
The reason for the formation of cyano-complexes in 
some of the reactions of sodium dicyanomethanide is not 
immediately apparent. From the reaction of trans-PtHCl- 
(PPh^Jg with sodium dicyanomethanide at room temperature, 
trans-PtH(C^HN^)(PPh^)^ was isolated, and at higher temp­
eratures, cis- and trans-Pt(PPh^).-.(CN)„ were obtained. Thus 
it seems likely that the dicyanomethy1-complex is a kinetic- 
ally controlled product and the more stable cyano-complexes 
are thermodynamically controlled products. The dicyanomethyl- 
complex is formed initially which eventually reforms the
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cyano-complex. One possible mechanism of this process is 
that one CN group of the dicyanomethyl moiety intra- 
molecularly migrates to the central metal. We must, how­
ever, point out that this is a speculation and further 
kinetic investigations are necessary to substantiate it.
Another possibility is that the dicyanomethanide 
anion degrades during the course of the reaction to give 
CN” species which are strong nucleophiles and readily 
displace dicyanomethyl moiety from the complex. Higher 
temperatures enhance the rate of degradation and therefore 
cyano-complexes are the only isolable products.
2. Cyanoketeniminato-complexes
The cyanoketenimine form of the dicyanomethanide 
anion has been found to be present in some complexes of 
iridium and rhodium described herein. Palladium and 
platinum complexes of dicyanomethanide anion have not been 
found yet to have a cyanoketeniminato-ligand. The cyano- 
keteniminato-complexes of iridium and rhodium were formed 
only when the reaction medium was aprotic and relatively 
non-polar i.e. CHgClg and C^H^. These complexes are bright 
yellow and soluble in halogenated hydrocarbons. They are 
stable for a long period of time in open atmosphere.
The presence of a 'N=C=C' moiety in these complexes
was deduced from their infrared spectra. Two bands, one
-1 -lat £a. 2190 cm and the other at ca. 2120 cm , were
observed. The band at 2190 cm"* was sharp and of medium
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intensity whereas the other hand at 2120 cm"1 was broad 
and very intense. The later band can be assigned to
. The asymmetric ^ n_c_.q band, however, appears at 
ca. 2160 cm"1 in the dicyanoketeniminato-complexes.^
The partial infrared spectrum of the cyanoketeniminato- 
complex of iridium, t£ans-IrCn=C=C(GN)h](CO)(PPh^)^ is 
shown in Figure 10. The spectrum was obtained in a 
Nujol mull. The carbonyl stretch (^q q ) appears at
_ 1
1970 cm in the complex.
It is an established fact that the carbonyl stretching 
frequency in a complex is strongly dependent on the nature 
of other ligands. The strength of metal to carbonyl bond 
is directly related to the metal *d* electrons. If the 
other ligands in a complex also possess good n-acid 
character, the metal to carbonyl bond is weakened and 
consequently v^ q increases. On the other hand, if the 
other ligands in a complex are poor w-acceptors, v>qq ex­
hibits a decrease. Thus, can be used to assess the 
■tt-bonding character of a ligand. In Table V, the 
carbonyl stretching frequencies of several complexes of 
iridium (I) and rhodium (I) are given together with those 
of cyanoketeniminato-ligand.
From Table V, it is apparent that the dicyanokete- 
nimine is a better tt- bonding ligand than cyanoketenimine. 
The extra CN group in dicyanoketenimine possibly makes it 
a better ^ -acceptor. Such increase in tt-character of 
cyano-substituted olefins like tetracyanoethylene is
FIGURE 10
Partial Infrared Spectrum of the Complex 
trans-Ir[N=C=C(CN)Hi(CO)(PPh3)2 
(Nujol Mull)
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TABLE V
Carbonyl Stretching Frequencies in Some Four Coordinate Complexes
of Iridium and Rhodium
complex vc=0 (om’1) Ref.
trans - IrCl(CO) (PPh^)^ 1950 100
trans - IrBr (CO) (PPh3) 1956 100
trans - Ir(ClO>j) (CO) (PPh-*)? 1985, 1978 76
trans - Ir(SCN) (CO) (PPh3)? 1971 100
trans - Ir(N^) (CO) (PPhr»)-> 1951 100
trans - RhCl (CO) (PPh-») 2 1960 74
trans - Rh(ClOa) (CO) (PPh^)? 1995, 1985 76
IrlN=C=C(CN)2] (CO) (PPh3 )2 2005 49
Rh[N=C=C(CN) 2] (CO) (PPh3) 2 2017 49
trans - Ir [N=C=C (CN) H] (CO) (PPh-*) o 1968 this work
trans - Rh[N=C=C (CN) H] (CO) (PPh^)o 1972 this work
Ir[NH=C(OCH3 )CH(OCH3)C=NH](CO)PPh3 1944 this work
Rh[NH=C(OCH3 )CH(OCH3 )C=NH](CO)PPh3 1940 this work
a recorded in nujol mull
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well-known.
The keteniminato-complexes absorb weakly around ca. 
1350 cm”1 and this band has been assigned to the symmetric 
' N=C=C' stretching frequency. ^  The V NssCs=c (sym) in cyano- 
keteniminato-complexes was observed at 1355 cm”* in their 
benzene solution spectra.
We have not isolated any dicyanomethyl-complex of 
either iridium or rhodium. The reaction of RhCKPPh^)^ 
with dicyanomethanide anion gave a yellow complex , and its 
infrared properties and analytical data were consistent 
with a formulation Rh[N=C=C(CN)Hj(PPh^)2. Rhodium (I) 
complexes usually are four coordinate and square planar. 
The assumed three coordinate structure of Rh£w=C=C(CN)l-Q- 
(PPh^)2 is certainly unusual. Such complexes of reduced 
coordination number are known, however, for Pt (0).®^ The 
coordinative unsaturation of the complex Rh Jns=C=C(Cn )h]' 
(PPh^)2 might explain the instability of the same in 
solution. It is fairly stable to air in the solid state.
As has been noted before, the dicyanomethanide anion 
in its sodium salt is present in the cyanoketenimine form. 
This form does not change after its reaction with an 
electrophile like Rh (I) or Ir (I). Whereas in its react­
ions with Pd (II) and Pt (II), the cyanoketenimine form in 
sodium dicyanomethanide rearranges to the dicyanomethyl 
form. The reason for this difference in behavior of the 
dicyanomethanide ion towards the metal centers is not well 
understood.
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The fact that the cyanoketenimine moiety is present 
in sodium dicyanomethanide and also in the complexes of 
Ir (I) and Rh (I), leads us to believe that the M-N (M=Ir, 
Rh) bonds in these complexes are ionic in nature. In 
contrast the M-C (M=Pd, Pt) bonds in the dicyanomethy1- 
complexes may be of covalent nature.
Square planar complexes of transition metals are co- 
ordinatively unsaturated, They can expand their coordina­
tion number to six by forming two more bonds. Four co-
O
ordinate d -metal complexes are known to react with co­
valent molecules to give six coordinate d^-complexes, ^
These reactions are commonly called 'oxidative addition* 
reactions. The cyanoketeniminato-complex of iridium, 
trans-IrIn=C=C(CN)h ](CO)(PPh^)gWas found to undergo the 
oxidative addition reaction with hydrochloric acid. How­
ever, the cyanoketenimine ligand was not present in the 
final six coordinate product, IrHCl2(C0) (PPh^Jg, The 
reaction probably proceeds in two steps, i.e. , (i) sub­
stitution of cyanoketenimine ligand by chloride and 
(ii) oxidative addition of hydrochloric acid.
HCl
trans-Ir fN=C=C(CN)Hl (CO) (PPtu),.  ---- > trans-IrCl(CO) (PPh_)0
* d CHrtCl^ [ 2
* +HC1
IrHCi2(CO)(PPh3)2
The cyanoketeniminato-complex of iridium also forms 
formally five coordinate complexes with strong IT-acids. 
Tetracyanoethylene and fumaronitrile reacted with trans-
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Ir [n==C=C(CN)h3(C0) (PPh^)2 and gave the adducts 
IrD'I=G=G(GN)H](CO)TCNE(PPh3)2 and Ir[N=C=G(CN)H3 (GO) (FUMN) 
(PPh^)2. However, diphenylacetylene which is a weaker 
fT-acid, failed to react with the cyanoketeniminato-complex 
of iridium. The partial infrared spectrum of the adduct 
Ir[N=C=C(CN)H](CO)(PPh3)2FUMN is shown in Figure 11.
That the fumaronitrile is coordinated to the iridium can
he deduced from the increase in (204-2 cm-1) and
“I 3V Ns=Cs.c (214-8 cm ). Another hand at 2220 cm is due to
the CN stretch of the cyano-groups in fumaronitrile. The
complex was found to dissociate in solution from a molecular
weight determination. A similar dissociation was found to
occur in solution of the complex RhH(CO)(PPh^)^.
Whereas Vaska*s complex acts as a synthetic oxygen 
14-carrier, i.e.. adds and loses oxygen reversihly, the 
four-coordinate trans-IrrN=C=C(CN)H3(C0)(PPh^K does not 
react with oxygen. The capacity of square planar Ir(I) 
complexes to hind oxygen can he directly related to the 
electron density on the metal. The electron density on 
the iridium 'd* orhitals in Ir[n=C=C(CN)h ](CO)(PPh^Jg is 
not high enough, i.e.. the iridium is not hasic enough to 
bind to oxygen. Also, the complex Ir(n-C=s3(GO)(PPh^),^1 
does not react with oxygen. Summarizing, we feel that the 
cyanoketenimine ligand is very similar to dicyanoketenimine 
as a ligand and links to a metal center with a polar bond. 
Lenarda and B a d d l e y ^  deduced that dicyanoketenimine is 
very close in its behavior to N-cyanato and N-thiocyanato
FIGURE 11
Partial Infrared Spectrum of the Complex 
Ir[N«C«C(CN)H}(CO)(PPh3)2FUMN 
(Nugol Mull)
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ligands,
3. Complexes with iminoether bonds
The products isolated from the reactions of sodium 
dicyanomethanide with trans-IrCl(CO)(PPh^)2 and trans- 
RhCl(CO) (PPh^^ in methanol could not be described either 
as dicyanomethyl- or cyanoketeniminato- complexes. These 
complexes do not absorb in the region 2000 to 2400 cm-1 
thereby implying the absence of any CN group.. .Reactions! 
of isonitrile complexes of transition metals with alcohols 
to form carbene complexes are well known.92-96 xiso in 
1971 Clark and Manzer^ reported reactions of alcohols and 
coordinated nitriles in transition metal complexes.
The cationic acetylene complexes of platinum of the
type trans-[]Pt (CH^)L2(RCS3H)3+PF^ are found to react with
nucleophiles to give various products, the nature of which
depends on (i) the substituted R groups on the acetylene,
(ii) the ligand L and (iii) the reaction medium. In order
to explain these various observed reactions, Clark and 
31Chisholm have proposed an intermediate metal-induced 
carbonium ion. Nucleophiles can add to the electron- 
deficient carbon atom and the products are formed directly 
or via subsequent rearrangement.
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If nitriles TT-bond to the metal, similar intermediate 
metal-induced carbonium ions might result. Therefore, 
tt-bonded nitriles can he expected to he very reactive 
species towards nucleophiles. N-bonded nitriles (via <r- 
honds) will not form the intermediate ion due to its 
geometry and would he very stable. The frequent 
bonding df nitriles in the complexes through the lone 
pairs on nitrogens is presumably a result of their greater 
stability over the ir-bonded analogs.
Clark and Manzer^ refluxed or-bonded nitrile com­
plexes in alcohols for several hours and did not observe 
any change. Therefore, coordination of the nitrile to 
the metal through the it-system seems to be a necessary 
prerequisite for further nucleophilic attack by alcohols. 
However, from their investigation of metal complex cata­
lyzed hydration reactions of nitriles to carboxamides,
08
Bennett et. al. 7 have suggested a different mechanism in 
which a prior Tr-coordination of the nitrile is not 
necessary. They propose (i) initial formation of a metal 
hydroxo-complex and then (ii) insertion of the nitrile into 
the M-OH bond to give N-bonded imino-alcohol complex which 
subsequently rearranges to the final N-amido complex.
Some of the reactions observed in this work can better 
be described in the light of the model proposed by Clark 
and Manzer, The proposed structure of the intermediate 
carbonium ion derived from a nitrile and its further re­
action with alcohol to yield complex with imino-ether bonds
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are shown in Figure 12(A).
Dicyanomethanide anion has the capacity to bond to a 
transition metal through its two CN groups. If the CN 
groups are linked to the metal through the lone pair of 
electrons on nitrogens, then the ligand will behave as a 
bridging one. Also an increase in ^CN relative to the free 
ligand would be observed. In our work, we have not iso­
lated a complex with bridging dicyanomethanide ligand and 
the in the complexes always exhibited a decrease 
rather than an increase. On the other hand if the CN 
groups bond to the metal through their TT-systems, the di­
cyanomethanide anion will act as a bidentate chelating 
ligand and two metal-induced carbonium ions would be formed. 
In the presence of nucleophiles, usually derived from the 
solvent, these ion centers will further react. When the 
solvent was methanol, the imino-ether complexes were 
isolated as shown in Figure 12 (B}',
The partial infrared spectrum of the iridium imino- 
ether complex, Ir |NHC(OCH^)CHC(OCH^)NHj(CO)PPh^, is 
shown in Figure 13. Also, a selected portion of the 
proton NMR spectrum of the same complex is shown in Figure
14. Identical data were obtained for the rhodium analog, 
Rh[HNC(OCH3)CHC(OCH3)NH](CO)PPh3 . The carbonyl stretch 
is observed at 1 9 ^  cm"1 for the iridium complex indicating 
a strong Ir-CO bond. The carbon-nitrogen stretching
frequency, v>G_N is a sharp band at 1593 cm"1 and ^ c=c is
— 1 1
observed at 15^8 cm . The N-H stretch appears at 3357 cm" .
FIGURE 12
A. Proposed Structure of the Inter­
mediate Carbonium Ion Derived From a 
Nitrile and its Further Reaction With 
Alcohol to Yield Complex With Iraino- 
Ether Bonds.
B. Proposed Structure of the Imino- 
Ether Complex Derived From Dicyano­
methanide Anion and Methanol.
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FIGURE 13 
Partial Infrared Spectrum of 
Iridium Imino-Ether Complex 
IrLNHC(OCH^)CHC(OCH3)NH] (CO)PPh^ 
(Nujol Mull)
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FIGURE 14 
Selected Portion of 100 MHz 
Proton Magnetic Resonance Spectrum of 
Ir [NHC (0CH3) CHC (OCH^) M j  (CO) PPh3
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In Table VI, the V ^ jj, Vc=sN and v>G_c frequencies of some 
platinum imino-ether complexes are given together with 
those of iridium and rhodium imino-ether complexes.
The proton NMR spectrum of the complex (Figure lk) is 
consistent with the assigned imino-ether configuration.
The absorptions due to the imino (=N-H) protons are ob­
served at 3.8 and 5.2 B and they are broadened by the 
quadrupole moment on nitrogen. The phenyl protons appear 
at 7.k and 7.758 . The two methoxy (-OCH^) groups appear 
as singlets at 3.16 and 3.718 . The methine proton is 
observed as a lt2tl triplet at k,35 5 with a J value of 
3 Hz. The long-range coupling of the methine proton with 
the two imino protons is presumably due to the delocaliza­
tion of the TT-electrons in the ligand. The relative 
intensities are given as phenyl (17), methoxy (6 ), imino 
(2 ) and methine ( 1 ).
Metal acetylacetonates of the type M(acac)^ Em =
Cr(III), CO(III) and Rh(III)3 are known and have been 
reviewed by Collman.^ The imino-ether complexes are 
structurally very close to the acetylacetonates. Metal 
acetylacetonates are of aromatic nature and electrophilic 
substitution reactions at the central carbon of the chelate 
have been observed. Imino-ether complexes derived from the 
dicyanomethanide ion might also possess aromatic character 
due to the presence of six ir-electrons in a conjugated planar 
ring system (Huckel + 2 rule). Malononitrile failed to 
react with metal complexes to form imino-ether complexes.
TABLE VI
Infrared and Raman Data of Some Imino-Ether Complexes
Compound VN-H(cm-1) VC=N vc=c (om" -1)
[PtCH3Q2 (NH=C (OCH3)CgF5) ] BF4 a 3251 1667
[PtCH3Q2 (NH=C (OCH-j) CgF4C (OCH3) =NH) PtCH3Q2] (BF-4) 2a 3350,3250 1671
[PtCH3Q2 (NH=C(OCH3)CgF4C(OCH3)=NH)PtCH3Q2J(N03)£ 3263 1675
[PtCH3Q2 (tt-NCCgF4C (OC2H5) =NH) PtCH3Q2] (BF4) 2a 3271 1667
[PtCH3Q2 (NH=C(OC3H?)CgF4CN)PtCH3Q2](BF4)2a 3340 1663
[Ir (CO) (PPh3) (NH=C(OCH3)CH(OCH3)C=NH]b 3357 1593 1548
[Rh(CO) (PPh3) (NH=C(OCH3)CH(OCH3)C=NH]b 3350 1544 1530
Q = P(CH3)2 (CgHg) a Raman data from Ref. 97
Infrared data recorded in nujol null
This failure can he attributed to the loss of w-conjugation 
and aromaticity in the imino-ether chelate derived from 
malononitrile.
The importance of the reaction medium in the formation 
of iminoether complexes is apparent. Polar media can 
stabilize the polar carbonium ion transition state and 
also the protic solvents can supply the nucleophiles for 
further reactions with the carbonium ion center. How­
ever, the Pd(II) and Pt(II) complexes used in this work 
did not react with sodium dicyanomethanide in alcohols to 
give imino-ether complexes. The products are formulated 
rather as dicyanomethyl-complexes. Therefore there must 
be other factors also together with the reaction medium 
which determine the feasibility of the formation of imino- 
ether complexes. Further investigation with a wider 
variety of substrates and different reaction conditions is 
necessary to elaborate a detailed mechanism which would be 
consistent with all the observed facts.
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C. Discussion of the reactions of malononitrile
The reactions of malononitrile with transition metal 
perchlorato-complexes were also investigated. Perchlorate 
anion is a very poor coordinating ligand and is known to 
be displaced readily by the donor solvents such as acetone, 
methanol, nitromethane, etc. in solutions.^ Therefore 
perchlorato-complexes are well suited for use in synthetic 
reactions.
Malononitrile can be expected to displace the per­
chlorate ligand from a metal complex and thereby form 
malononitrile complexes. Malononitrile complexes are 
known'’ ~ , and in these the nitrile bonds to the metals
either through the lone pair on nitrogens or through the 
nitrile Tf-systems, Malononitrile may behave as a mono- 
dentate, bridging or chelating ligand.
The reactions of malononitrile with the perchlorato- 
complexes of iridium(I), rhodium(I) and platinum(II) were, 
however, more complicated. The molecular structures of 
some of the products isolated cannot be assigned at the 
present time.
1. Rhodium chemistry
The reaction of malononitrile with trans-Rh(ClO^) 
(C0)(PPh^)2 in dry. benzene . was studied. Three pro­
ducts (IV, V, VI - see Experimental) were isolated, and 
they were found to be ionic. The carbon-nitrogen stretch­
ing frequency (^Qr^) was observed at 2120 cm~* as a medium 
and very broad band in all the complexes. The partial
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infrared spectrum of the complex VI is shown in Figure
15. Cyano-complexes absorb around 2120 cm” 1 but a cyano- 
formulation like trans-Rh(GN)(CO)(PPh^ ) 2 can be ruled out 
since such a complex would be a non-electrolyte. A cat­
ionic six coordinate cyano-complex of Rh(III) is another 
possibility. However, the carbonyl stretching frequencies 
in the complexes (which appear below 2000 cm’ )^ are not 
in favor of a six-coordinate complex. The 'Jqq in the six 
coordinate complexes of Rh(III) and Ir(III) appear 
usually around 2050 cm”1.
From our discussion of the cyanoketeniminato-com- 
plexes we can assign the band at 2120 cm-1 to ^ Ws_0=c(asym). The 
infrared spectrum of malononitrile, however, suggest that 
the contribution from the ketenimine form Chn=C=C(CN)h3 
is negligible. Also, no N-H stretch was observed in the 
infrared spectra of the new complexes.
So it seems likely that the dicyanomethanide anion is 
produced in the course of the reaction which rearranges to 
the cyanoketenimine form. Malononitrile is a weak acid 
(pK ssll.2)^1 and is capable of reacting with a base to 
form the anion. The proton loss is expected to be' 
enhanced if the malononitrile is coordinated to a 
metal.
Thus the reaction of malononitrile with metal 
perchlorato-complexes can be visualized to proceed as (i)
FIGURE 15 
Partial Infrared Spectrum 
of the Complex 
ERh2(PPh3)^(CO)2(C3HN2)| +PFJ
(Nujol Mull)
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displacement of two perchlorate anions from two complexes 
by the two CN groups of malononitrile forming a bridged 
intermediate, (ii) loss of a proton from the 
bridged .intermediate, and (iii) rearrangement 
of the ligand to give a bridging cyanoketenimanato- 
cpmplex.
Such a bridged binuclear complex would be a 1*1 
electrolyte as has been experimentally found. The molar 
conductances of IV and VI were measured as 90 and 103 
ohms respectively. The bridged binuclear cationic 
complex was isolated as PE^, and BPhjj, salts. The
carbon, hydrogen and nitrogen analysis data are in fairly 
good agreement with the assigned structures.
Ph~P N ~ C
3\ /
Rh
/ \
0G PPh,
==C
\
H \ PPh,
Rh 
/  \
Ph^P CO
The complex VI (PF£ salt) shows a strong absorption 
band at 835 cm”"* which can be assigned to -£p F . 
Similarly, for the complex IV (CIO^ salt) a strong and 
broad band at 1080 cm”* was observed which was assigned
t0 ^ o c io y
The type of linkage between the CN group of the 
bridging ligand and the metal is assumed to be mostly of 
tt-character. A <T-bond via the lone pair of electrons on
105
nitrogen will give rise to a highly unsymmetrical structure
and would he expected to be split. Also, a higher
%>q N can be expected. As only one carbonyl stretch is
observed and no absorption occurs between 2200 to 2^00 
-1
cm , a <s*-bond does not seem likely.
A linkage via the C=N "^-system would lower the
- 1  - 1
by 100-200 cm . However, the band at 2120 cm is so
broadened (see Figure 15) that no other meaningful 
assignment can be made. We assume that the lowered 
is masked by the ^-Q^Casym) band.
2. Iridium chemistry
The reaction of malononitrile with trans-Ir(ClO^) 
(C0)(PPh-j)2 yielded prdducts which were difficult to 
characterize. The complex isolated with NaBPh^ (VIII, 
see Experimental) possibly has a configuration analogous 
to the bridged binuclear cationic complex of rhodium which 
has already been described. The analytical and other 
physical data (infrared and molar conductance) are in 
good agreement with this configuration.
The analytical data of the other iridium complexes 
(VII, IX and X) suggest an empirical configuration 
Ir(PPh3)2(C0)(C3H2N2)X .(where X=C10^, BF^, and PFg). But 
at the present time we cannot suggest any detailed 
molecular structures which would be consistent with the 
infrared properties of the complexes.
3. Platinum chemistry
106
As in the case of iridium, the products of the 
reaction of malononitrile with Pt(C10^)g(PPh^) g are also
not fully characterized. The complex I (see Experimental)
—•1 » 1
absorbs at 2268 cm and 2223 cm , and the partial in­
frared spectrum of the solid in Nujol mull is shown in 
Figure 16. A broad band at 1080 cm"1 may be assigned to 
Vqciq • The complex was found to be a 1»1 electrolyte 
(am=88 ohm"1 in DMF). From the analytical data, the 
complex may be assigned the formulation, £Pt(PPh^)g- 
(CIO^) (C-jHgNgO^ClO^". The other two complexes, II 
and III, have not been identified.
FIGURE 16 
Partial Infrared Spectrum 
of the Complex 
of Proposed Empirical Formula
[pt(pPh3)2(cio4)(c 3h 2n2)]+c i o j
(Nujol Mull)
107 A
2223
2268
mm
2300
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1000 500
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